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Summary
Most cases of peptic ulcer disease, gastric
mucosa associated lymphoid tissue (MALT)
lymphoma and cancer of the distal stomach are
complications of Helicobacter pylori infection.
However, as with most infections not all
patients who contract the infection develop
the complications of the disease. The other
factors that influence the likelihood of
problems arising are the virulence of the
infecting organism, the genetic constitution
and age of the host, and environmental factors.
This paper focuses mainly upon the eVect of
strain diVerences and the causation of serious
disease.

There is considerable genetic variation
between the diVerent strains of H pylori,
some causing a more severe inflammatory
response in the host than others. These
strains are also associated with a greater
likelihood of causing peptic ulcer, atrophic
gastritis and intestinal metaplasia and gastric
cancer. There is some evidence to suggest that
these more virulent organisms may also
protect the host from the development of
reflux oesophagitis and possibly cancer in the
region of the gastro-oesophageal junction. The
major diVerence between virulent and
relatively avirulent organisms depends upon
the presence of the cag pathogenicity island,
a segment of DNA that has been acquired
possibly from another organism and is
now incorporated within the helicobacter
genome. Its presence is associated with the
secretion of the vacuolating toxin which is a
protein known to cause damage in cell culture
and in vivo.

As CagA, one of the proteins produced by
the pathogenicity island, is highly antigenic,
people infected with more virulent strains can
be identified by a blood test. Currently contro-
versy surrounds the question as to whether all
patients with H pylori should be treated for
infection or whether medication should be
reserved for those who already have the
complications of the infection, or individuals
infected with the more virulent strain of the
organism.

DiVerence between bacteria
Bacteria, in common with all biological sys-
tems, are in a continuous state of evolution,
their genetic make-up subtly altering with suc-
ceeding generations. Until recently, bacteria
were divided into species on the basis of their
metabolic activity and chemical structure and
an evolutionary family tree was derived based
on phenotypic characteristics. Species were

subdivided into diVerent types according to the
immune reaction they evoked (serotyping) or
by susceptibility to sets of viruses (phage
typing). Increasingly, individual species and
strains are identified and further subdivided by
the molecular structure of the DNA contained
in their chromosome (genotype). H pylori is
relatively inert (few positive phenotypic charac-
teristics) and therefore has been generally
typed using molecular methods which give
highly detailed “fingerprints”. This organism
inhabits the human stomach for many bacterial
generations and evolves separately in each host
such that it is unusual to find two identical
strains in diVerent hosts except in families or
institutions where a specific strain may recently
have been transmitted from one individual to
another.

Variation between strains of H pylori
The helicobacter genome sequence was
published in 1997.1 It is a relatively simple
organism with 1.7 million nucleotides
(dependent upon the strain of the organism).
These nucleotides represent approximately
1600 genes,2 each of which code for a separate
protein. Of these, 55% are found in other
organisms, but 45% are unique to H pylori.
Mutations in nucleotides give rise to
diVerences between strains and aVect the
behaviour of the organism such that some are
selected out in preference to others—for
example, in the development of antibiotic
resistance.

There is, however, another way in which the
genetic constitution of an organism may
change. Certain bacteria are able to transmit
segments of DNA to a diVerent strain or
species of organism. These small packets of
DNA may remain separate from the main
chromosome of the recipient as a plasmid or
may be incorporated into the chromosome
itself. If it codes for a series of virulence
characteristics it may be considered to be a
pathogenicity island (PAI).3 If this extra piece
of DNA works to the biological advantage of
that organism it will survive and the “foreign”
segment of DNA will become part of the
genome of the new strain.

The virulence of H pylori and its ability
to damage the host seem to depend both on
the nature of the chromosome (in particular
the segment that codes for the vacuolating
toxin4), and also from what appears to be
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an alien insertion of DNA within the
chromosome—the cytotoxin associated patho-
genicity island or cagPAI.

The pathogenicity island5

The helicobacter chromosome is circular in
shape and contains the cagPAI which is a 40
kilobase segment of DNA that codes for
around 40 proteins. The proportion of bases
that make up the PAI diVers from that in the
rest of the helicobacter chromosome suggest-
ing that this DNA has come from an alien
source. Furthermore, the ends of the DNA
sequence have repeats of a nature which lend
support to this hypothesis. It is unclear from
which organism the PAI was derived; however,
it has features in common with certain
sequences in Escherichia coli, Yersinia pestis and
Vibrio cholerae. The reason why it is termed a
PAI is because organisms that contain this
sequence of DNA cause a more severe inflam-
mation in the host mucosa. The island is
analogous to the plasmids and insertions found
in E coli that cause adhesion, invasion and toxin
production. The function of the PAI is not
clearly understood, but it is believed to be
involved in the export of macromolecules
important in parasite/host interactions.

The cytotoxin associated antigen (CagA)
One of the 40 genes contained in the PAI is
cagA which codes for the protein CagA. CagA
is a 120 kDa protein that was identified soon
after H pylori had been discovered.6 7 The rea-
son for this is that patients readily develop
antibodies to CagA. cagA is the cytotoxin associ-
ated gene A, and it is found in organisms that
secrete the vacuolating toxin.8 Neither it nor
the PAI actually produces the toxin. Indeed
vacA, the gene that produces the vacuolating
toxin, is not even part of the PAI. For some
reason, however, VacA (the vacuolating toxin)
is not usually secreted by H pylori unless the
PAI is present. If the cagA gene is “nullified”
experimentally leaving the rest of the PAI intact
the organism is still capable of secreting the
vacuolating toxin.9

The vacuolating toxin (VacA)
The vacuolating toxin was discovered in
1988.10 It is an 87 kDa protein secreted by
helicobacter strains that contain the PAI. It
causes vacuolation in cell culture in vitro and in
vivo damages mouse gastric epithelium.11 It is
activated at a low pH and is resistant to acid
and pepsin. vacA (the gene that codes for
VacA) is situated a variable, but significant dis-
tance from the PAI and varies between
strains.12 The mid portion is divided into M1
and M2, and the signalling sequences into S1,
a and b and S2. These diVerences are
important in terms of the ability of the
organism to secrete the active vacuolating
toxin, the S1/M1 genotype having this ability
whereas S2/M2 does not. One possible expla-
nation for these diVerences is that the strains
possessing the VacAS1 genotype also contain
the PAI.13

Factors responsible for clinical disease
As with most infectious diseases helicobacter
associated gastroduodenitis is influenced not
only by the nature of the infecting strain, but
also by host and environmental factors. The
underlying pathology of the disease is one of
acute and chronic inflammation aVecting the
stomach. When heterotopic gastric mucosa or
areas of gastric metaplasia are present within
the duodenum they may become infected and
cause duodenitis.14 The inflammatory reaction
within the stomach and duodenum impairs the
mechanisms normally used by the host to pro-
tect against acid. Susceptible people are there-
fore at risk of developing the complications of
H pylori infection—duodenal and gastric ulcer.
Long standing gastric inflammation leads to
atrophy and intestinal metaplasia, conditions
strongly associated with cancer of the body
and distal stomach. It has been known for
many years that host factors are also important
in determining whether these complications
will arise. Genetic diVerences—for example,
sex and blood group, exert an influence15 as
does the age of the host. Environmental
factors are probably more important. Duode-
nal ulcer was excessively rare before the
middle of the 19th century16 even though H
pylori was widespread at that time. The
geographical diVerences in the incidence of
gastric cancer and the international variation
between duodenal and gastric ulcer prevalence
confirm the importance of the environment.
Some environmental factors are clear, namely
smoking in duodenal ulcer,17 and the protec-
tive eVect of dietary vegetables and fruit for
gastric cancer.18 Another determinant appears
to be the amount of gastric acid secreted by
the host.19 Duodenal ulcer is a high secretory
condition associated with an antral predomi-
nant gastritis whereas gastric ulcer and
stomach cancer arise in individuals with
pangastritis. It is not known whether these dif-
ferences in acid secretion are caused by host or
environmental factors, or a combination of
both.

Influence of strain on clinical disease
Individuals infected with a CagA positive
strain of H pylori have a more severe
inflammatory reaction, a greater degree of
gastric atrophy and intestinal metaplasia and a
higher incidence of duodenal ulcer and
intestinal type gastric cancer.20 21 One study22

has suggested that infection with a CagA posi-
tive organism may protect against adenocarci-
noma of the oesophagus and oesophagogastric
junction. The strain, however, does not seem
to influence whether the gastritis phenotype of
the host will be antral predominant or a
pangastritis.23 It seems, therefore, that host or
environmental factors are responsible for the
nature of the disease whereas the strain of the
organism has an important influence on the
severity of the disease and the likelihood
of complications. Not all CagA positive
infections lead to complications and serious
disease may occur in patients infected with
CagA negative bacteria. The ratio of CagA
positive to CagA negative organisms varies in
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diVerent populations, from approximately 30
to 80%.24 Many strains, some CagA positive,
others CagA negative, may be found in a single
host.25

Clinical implications
The clinical approach to helicobacter infection
has changed since its discovery in 1985. At
that time most doctors were sceptical at
the suggestion that the organism might be
responsible for gastrointestinal disease. When,
however, experiments were undertaken to
test this hypothesis it quickly became apparent
that helicobacter was indeed the major
cause of peptic ulceration. Epidemiological
work strongly supported the view that
helicobacter was also a major player in
the pathogenesis of gastric cancer and
MALT lymphoma. There has never been a
large body of evidence to suggest that the
infection is responsible for functional dyspep-
sia; however, the fact that it invariably causes
gastritis in the host and the risk of future dis-
ease has encouraged the view that the only
good helicobacter is a dead one. As a result
many primary health physicians and gastroen-
terologists treat all patients found to be H
pylori positive.

Gastric cancer is the second commonest
cause of death from cancer worldwide and
when the mortality from this disease is added
to deaths arising from peptic ulcer, the compli-
cations associated with H pylori infection
represent a serious public health problem.26

Considerable energy and money is being spent
in the search for a vaccine to eliminate the
infection from mankind.

More recently cautionary voices have
warned that the elimination of an organism
distributed so widely in human hosts may not
necessarily be advantageous.27 The observation
that some helicobacters are less dangerous than
others and seem to cohabit with the host with-
out giving rise to clinical disease argues that it
is unnecessary to cure all infection and indeed
to do so might even be meddlesome if the
organism provides some (as yet unknown)
benefit. Some authors have drawn attention to
the increased incidence of gastro-oesophageal
reflux disease in communities where helico-
bacter infection rates are falling28 and others
suggest infection with CagA positive H pylori
may reduce the likelihood of Barrett’s oesoph-
agus and cancer of the gastro-oesophageal
junction.22 Clearly these are areas that require
further research. At present the concept of a
“good” helicobacter appears to be a myth
because it is just those CagA positive organisms
that create mayhem in the distal stomach and
duodenum that are the ones that provide
apparent protection for the oesophagogastric
junction.

The prevalence of infection in the West is
falling and is likely to continue to decline as the
standard of living rises. The long term outcome
therefore is not in the hands of the medical
profession. In the short and medium term,
however, those infected with H pylori have a
substantially increased risk of peptic ulcer and

gastric cancer which is why many doctors
believe eradication of helicobacter to be the
safest policy.

One objection raised to this approach is
that the indiscriminate use of antibiotics is
likely to lead to widespread antibiotic resist-
ance. However this argument, if anything,
supports the view that we should eradicate
helicobacter. Antibiotics are already used
indiscriminately throughout whole popula-
tions, and it is for this reason that helicobacter
infection in the developing world is usually
resistant to metronidazole. The prescription of
antibiotics in the developed world amounts to
the equivalent of more than one course for
every man, woman and child per year.
Treatment of H pylori would amount to a rela-
tively small increase in the total amount of
antibiotics prescribed. There is an advantage
to be gained by treating the infection while it
remains sensitive to such antibiotics as the
macrolides.

I am grateful to Dr David Tompkins, Director of the Public
Health Laboratory Service, Leeds, UK, for his advice in the
preparation of this publication.
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