
ince its introduction to the scientific community
by Marshall and Warren almost 2 decades ago,1

Helicobacter pylori has been the focus of basic bio-
chemical and clinical research and debate. Its

relevance to human disease, specifically to peptic ulcer
disease, gastritis, and gastric malignancy, is indis-
putable. Many questions, however, still remain con-
cerning the optimal diagnostic and therapeutic regi-
mens with which to approach the organism. Current
work is focusing on the implications of the mapping of
the H. pylori genome and the possibility of developing
an effective vaccine against the organism.

This article presents a brief overview of the epidemi-
ology and pathogenesis of H. pylori infection. Typical
clinical manifestations of H. pylori infection are dis-
cussed, as are relevant diagnostic and therapeutic
strategies. The article concludes by examining emerg-
ing therapies, including development of a vaccine that
may enable the future eradication of the organism as a
significant human pathogen.

EPIDEMIOLOGY

Numerous studies have tried to assess the incidence
and prevalence of H. pylori infection, its mode of trans-
mission, and any risk factors contributing to develop-
ment of the infection. The annual incidence reported
in 3 adult studies in developed countries was between
0.3% and 0.5% per year.2–4 Prevalence estimates vary
greatly, depending on the location of the study group
and the characteristics of the population studied. In
general, prevalence increases with age5 and correlates
positively with a low socioeconomic status during child-
hood.6 Worldwide, but especially in developed nations,
infection with H. pylori is declining.7

The acquisition of H. pylori occurs during child-
hood, most often by a fecal-oral or oral-oral route.
Some studies have also indicated a role for a gastro-
oral route of transmission.8 The role played by other
factors, including ABO blood type, alcohol and tobac-
co use, dietary and nutritional influences, and genetic
predisposition to infection, has also been studied, but
results have been inconsistent.9 Interestingly, a recent

study of 655 subjects from a teaching hospital in Rome
found an overall prevalence of infection of 40%, with a
higher prevalence among nurses and auxiliary employ-
ees than among physicians.10

PATHOGENESIS
Pathogenicity and Virulence Factors

The earliest descriptions of the organism classified
it as predominately extracellular, gram-negative, fla-
gellated, and motile (Figure 1). With the advance-
ment of biochemical techniques, new information
about the pathogenicity and virulence factors of
H. pylori has emerged, indicating that infection by
H. pylori requires a complex interaction of both bacter-
ial and host factors.

Investigators have identified several bacterial pro-
teins necessary for colonization of the gastric mucosa
by H. pylori, including proteins active in the transport
of the organism to the surface of the mucosa (eg, fla-
gellin, which is encoded on genes flaA and flaB).11

Once in the presence of the gastric mucosa, bacteria
induce a transient hypochlorhydria by an unknown
mechanism. The urease enzyme produced by the bac-
teria alters the microenvironment of the organism to
facilitate colonization.12 Adherence then occurs via
interaction between cell - surface glycolipids and
adhesins specific to H. pylori.13 There also appears to be
a role played by proteins called cecropins, which are pro-
duced by H. pylori and inhibit the growth of competing
organisms,14 as well as by a P-type adenosinetriphos-
phatase, which helps prevent excessive alkalinization of
the microenvironment by urease.15

Once attached to gastric mucosa, H. pylori causes tissue
injury by a complex cascade of events that depends on
both the organism and the host. H. pylori, like all gram-
negative bacteria, has in its cell wall lipopolysaccharide,
which acts to disrupt mucosal integrity.16 Furthermore,
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H. pylori releases several pathogenic proteins that induce
cell injury. For example, the CagA protein, produced by
cytotoxic-associated gene A (cagA), is a highly immuno-
genic protein that may be associated with more severe
clinical syndromes, such as duodenal ulcer and gastric
adenocarcinoma (although this question is far from set-
tled).17,18 There is increasing evidence that CagA positivity
is associated with an increased risk for distal, but not prox-
imal, gastric adenocarcinoma.19 In addition, protein prod-
ucts of the vacuolating cytotoxin A gene20 (vacA) and the
A gene induced by contact with epithelium (iceA) are
known to be associated with mucosal injury.21

Once colonization of the gastric mucosa has taken
place, the immunogenic properties of H. pylori induce an
inflammatory reaction with neutrophilic gastritis that ulti-
mately results in the clinical manifestations of the infec-
tion (Figure 2). This process is mediated by host factors,
including interleukins 1, 2, 6, 8, and 12; interferon
gamma; tumor necrosis factor–α; T and B lymphocytes;
and phagocytic cells. These factors mediate injury
through release of reactive oxygen species and inflamma-
tory cytokines.22 H. pylori additionally appears to increase
the rate of mucosal programmed cell death (also known
as apoptosis).23

Effects on Gastric Physiology

In addition to producing local injury of gastric
mucosa, H. pylori alters normal gastric secretion.
Interestingly, the location and severity of the infection
seem closely associated with the ultimate clinical out-
come, most likely because of effects on gastric physiology.
Many studies have shown that patients with a duodenal
ulcer who are infected with H. pylori have an increased
serum level of gastrin, which—in turn—leads to in-

creased acid output.24 These patients tend to have a
milder phenotypic expression of their gastritis, with
inflammation mostly in the antrum or distal part of the
stomach.25 In contrast, patients with gastric adenocarcino-
ma, a known complication of H. pylori infection, tend to
have pangastritis, with involvement of the acid-secreting
body of the stomach as well as the antrum. This condi-
tion leads to atrophy of parietal cells (which are responsi-
ble for producing acid) and gastrin-producing cells of
the antrum (which stimulate acid secretion) and eventu-
ally produces achlorhydria. Patients with gastric adeno-
carcinoma also have impaired acid secretion in response
to stimulation with gastrin.26

Pathologic Findings 

Although extensive work has been performed to
classify histopathologic changes seen with H. pylori
infection, there is no consensus on classification; the
Sydney system27 and the Houston Gastritis Workshop
system28 have, however, been recognized as models.
After colonization, there appears to be an intense neu-
trophilic infiltrate in the necks of the mucosal glands.
Epithelial changes are common when there is irregu-
larity of the surface architecture, and atrophy of the
glands is typical of longstanding infection. Moreover,
there is usually lymphocytic infiltration of the stroma
and impaired mucus secretion. Finally, areas of patchy
intestinal metaplasia may be seen, which are central to
the development of neoplasia.29

CLINICAL MANIFESTATIONS 
Gastritis and Gastric Cancer

Once infected with H. pylori, most persons remain
asymptomatic. Some infected persons may even clear the
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Figure 2. Photomicrograph showing type B neutrophilic gas-
tritis (hematoxylin -eosin, original magnification × 125).
Photomicrograph used courtesy of Mukunda Ray, MD, PhD.

Figure 1. Photomicrograph of Helicobacter pylori (Giemsa,
original magnification × 500). Photomicrograph used courtesy
of Mukunda Ray, MD, PhD.



infection, with seroreversion rates commonly reported to
be in the range of 5% to 10%; it is not known if this
seroreversion is spontaneous or results from elimination
of the organism by antibiotic agents used to treat other
conditions.9 However, the typical course of disease in
infected patients begins with chronic superficial gastritis,
eventually progressing to atrophic gastritis. This progres-
sion appears to be a key event in the cellular cascade that
results in the development of gastric carcinoma. Existing
data indicate a 90-fold increase in rates of gastric carcino-
ma in patients with severe, multifocal atrophic gastritis,
compared with normal controls.30 The mechanism of
tumorigenesis appears to involve DNA damage induced
by different cytokines and free radicals released in the set-
ting of chronic inflammation in susceptible persons.31

Although H. pylori is associated with the develop-
ment of adenocarcinoma of the antrum and body of
the stomach, it is also clearly linked with gastric
mucosa–associated lymphoid tissue (MALT) lym-
phomas.32 H. pylori stimulates lymphocytic infiltration
of the mucosal stroma; this infiltration may act as a
focus for cellular alteration and proliferation, ultimate-
ly resulting in neoplastic transformation to lym-
phoma.33 It appears that H. pylori also produces pro-
teins that stimulate growth of lymphocytes in the early
stages of neoplasia. Most tellingly, it has been reported
that regression of low-grade gastric MALT lymphoma
can be achieved in 70% to 90% of patients with eradi-
cation of H. pylori infection.34 Recent work has shown
endoscopic ultrasound examination to be invaluable in
identifying the grade of MALT lymphoma and in pre-
dicting the efficacy of treating the H. pylori infection to
obtain regression of the lymphoma.35

Peptic Ulcer Disease

The relationship between H. pylori infection and
peptic ulcer disease has been studied exhaustively, and
it is now accepted that the organism is the major cause,
but not the only cause, of peptic ulcer disease world-
wide. Eradicating the infection can alter the natural
course of peptic ulcer disease by dramatically reducing
its recurrence rate in treated patients, compared with
untreated patients.36 This reduction occurs in patients
with duodenal and gastric ulcers who have no history
of nonsteroidal anti-inflammatory drug use.

The mechanism by which H. pylori induces peptic
ulcer disease is incompletely understood but most likely
involves a combination of genetic predisposition of the
host, virulence factors of the organism (eg, VacA and
CagA proteins), mechanical damage to the mucosa,
and alterations of gastric and duodenal secretions.37

Nonulcer Dyspepsia

Nonulcer dyspepsia comprises a constellation of var-
ied symptoms, including dysmotility-like, ulcer-like,
and reflux-like symptoms. Many possible causes have
been suggested for nonulcer dyspepsia, including
lifestyle factors, stress, altered visceral sensation,
increased serotonin sensitivity, alterations in gastric
acid secretion and gastric emptying, and H. pylori infec-
tion. A recent review also highlighted the role played
by psychosocial impairment (eg, depression, somatiza-
tion, anxiety) in patients with nonulcer dyspepsia.38

In a study linking H. pylori infection to nonulcer dys-
pepsia, patients with the latter condition were twice as
likely to be positive for the organism.39 However, despite
such epidemiologic evidence, treatment studies have
failed to consistently show that eradication of H. pylori
results in improvement of nonulcer dyspepsia symp-
toms.40 Consequently, eradication of the organism can-
not be considered the standard of care in all patients with
nonulcer dyspepsia, because H. pylori infection is only a
single part of the mutifactorial etiology of the disease.

Gastroesophageal Reflux Disease

Much attention has been focused on the possible
relationship between infection with H. pylori and gas-
troesophageal reflux disease (GERD) in its various
manifestations (eg, esophagitis, Barrett’s esophagus).
Some investigators have suggested a link between the
presence of H. pylori and a decreased risk for develop-
ing esophagitis and Barrett’s esophagus41; although this
inverse association is supported by many prevalence
studies, others fail to show it.42 Studies have also indi-
cated that certain strains of H. pylori, notably the CagA-
positive strain, may be protective against the develop-
ment of Barrett’s esophagus.43 Moreover, Labenz and
colleagues have shown that the incidence of esophagi-
tis may, in fact, increase after eradication of the organ-
ism.44 Treatment of H. pylori infection can lead to exac-
erbation of GERD in many patients, prompting many
gastroenterologists to defer endoscopic antral biopsies
in patients with significant GERD and absent ulcer.44

Conversely, other studies using endoscopic findings,
pH probe measurements, and histology to determine the
presence of H. pylori did not find any association between
GERD (in any of its manifestations) and infection with
H. pylori.45,46 Clearly, more definitive studies are necessary
to define the relationship, if any, between these 2 entities.

Other Disease Associations

Investigators have further postulated a relationship
between H. pylori infection and cardiovascular disease47
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and iron-deficiency anemia.48 These associations, how-
ever, require much more study before a causal relation-
ships is established. Table 1 summarizes the disorders
that have been associated with H. pylori infection.

DIAGNOSTIC TESTING

Currently, there are several popular methods for
detecting the presence of H. pylori infection, each hav-
ing its own advantages, disadvantages, and limitations.
Basically, the tests available for diagnosis can be sepa-
rated according to whether or not endoscopic biopsy is
necessary. Histologic evaluation, culture, polymerase
chain reaction (PCR), and rapid urease tests are typi-
cally performed on tissue obtained at endoscopy. Alter-
natively, simple breath tests, serology, and stool assays
are sometimes used, and trials investigating PCR ampli-
fication of saliva, feces, and dental plaque to detect the
presence of H. pylori are ongoing.49

Histology

Histologic evaluation has traditionally been the gold-
standard method for diagnosing H. pylori infection. The
disadvantage of this technique is the need for endos-
copy to obtain tissue. Limitations also arise at times
because of an inadequate number of biopsy specimens
obtained or failure to obtain specimens from different
areas of the stomach.50 In some cases, different staining
techniques may be necessary, which can involve longer
processing times and higher costs. However, histologic
sampling does allow for definitive diagnosis of infec-
tion, as well as of the degree of inflammation or meta-
plasia and the presence/absence of MALT lymphoma
or other gastric cancers in high-risk patients.

Culture

Because H. pylori is difficult to grow on culture

media, the role of culture in diagnosis of the infection is
limited mostly to research and epidemiologic consider-
ations. Although costly, time-consuming, and labor
intensive, culture does have a role in antibiotic suscepti-
bility studies and studies of growth factors and metabo-
lism. However, in the United States, culture should not
be considered a routine, first-line means of diagnosis.51

Polymerase Chain Reaction

With the advent of PCR, many exciting possibilities
emerged for diagnosing and classifying H. pylori infec-
tion. PCR allows identification of the organism in small
samples with few bacteria present and entails no special
requirements in processing and transport. Moreover,
PCR can be performed rapidly and cost- effectively, and
it can be used to identify different strains of bacteria for
pathogenic and epidemiologic studies. As suggested
earlier, PCR also is being evaluated for its utility in iden-
tifying H. pylori in samples of dental plaque, saliva, and
other easily sampled tissues.49

The major limitation of PCR is that relatively few
laboratories currently have the capability to run the
assay. In addition, because PCR can detect segments of
H. pylori DNA in the gastric mucosa of previously treat-
ed patients, false-positive results can occur, and errors
in human interpretation of bands on electrophoretic
gels can likewise lead to false-negative results.

Rapid Urease Testing

Rapid urease testing takes advantage of the fact that
H. pylori is a urease-producing organism.52 Samples
obtained on endoscopy are placed in urea-containing
medium; if urease is present, the urea will be broken
down to carbon dioxide and ammonia, with a resultant
increase in the pH of the medium and a subsequent
color change in the pH-dependent indicator. This test
has the advantages of being inexpensive, fast, and widely
available. It is limited, however, by the possibility of false
positive results; decreased urease activity, caused either
by recent ingestion of antibiotic agents, bismuth com-
pounds, proton pump inhibitors, or sucralfate or by bile
reflux, can contribute to these false-positive results.53

Urea Breath Test

A urea breath test similarly relies on the urease activity
of H. pylori to detect the presence of active infection. In
this test, a patient with suspected infection ingests either
14C- labeled or 13C- labeled urea; 13C- labeled urea has the
advantage of being nonradioactive and thus safer (theo-
retically) for children and women of childbearing age.
Urease, if present, splits the urea into ammonia and 
isotope-labeled carbon dioxide; the carbon dioxide is
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Table 1. Helicobacter pylori–Associated Conditions

Association is accepted 

Gastric adenocarcinoma

Gastric mucosa–associated lymphoid tissue lymphoma

Gastritis

Peptic ulcer disease

Association is controversial

Cardiovascular disease

Gastroesophageal reflux disease

Iron deficiency anemia

Nonulcer dyspepsia



absorbed and eventually expired in the breath, where it is
detected.

Besides being excellent for documenting active infec-
tion, this test is also valuable for establishing absence of
infection after treatment, an important consideration in
patients with a history of complicated ulcer disease with
bleeding or perforation.54 In addition, a urea breath test
is relatively inexpensive (whichever isotope is used), is
easy to perform, and does not require endoscopy.
However, if the patient has recently ingested proton
pump inhibitors, antibiotic agents, or bismuth com-
pounds, a urea breath test can be of limited value.
Therefore, at least 1 week should separate the discontin-
uing of antisecretory medications and testing for active
infection,55 and 4 weeks should separate treatment of 
H. pylori infection and testing for eradication of the
organism. Moreover, except for major medical centers
or tertiary referral centers where results are usually avail-
able in fewer than 24 hours, a urea breath test may be
further limited by a turnaround time of several days (or
longer) required for transport of samples and analysis
by specialized laboratories not present in many commu-
nity settings.

Serologic Tests

In response to H. pylori infection, the immune sys-
tem typically mounts a response through production of
immunoglobulins to organism-specific antigens. These
antibodies can be detected in serum or whole-blood
samples easily obtained in a physician’s office. The
presence of IgG antibodies to H. pylori can be detected
by use of a biochemical assay, and many different ones
are available.

Serologic tests offer a fast, easy, and relatively inex-
pensive means of identifying patients who have been
infected with the organism. However, this method is not
a useful means of confirming eradication of H. pylori;
several different samples and changes in titers of speci-
fied amounts over time would be needed.56 In addition,
few patients become truly seronegative, even after eradi-
cation of the organism.57

In low-prevalence populations, serologic tests should
be a second-line methodology because of low positive
predictive value and a tendency toward false-positive
results. Serologic tests may be useful in identifying certain
strains of more virulent H. pylori by detecting antibodies
to virulence factors associated with more severe disease
and complicated ulcers, gastric cancer, and lymphoma.

Stool Antigen Testing

Stool antigen testing is a relatively new methodology
that uses an enzyme immunoassay to detect the pres-

ence of H. pylori antigen in stool specimens. A cost-
effective and reliable means of diagnosing active infec-
tion and confirming cure, such testing has a sensitivity
and specificity comparable to those of other noninva-
sive tests.58 Questions remain regarding possible cross-
reactivity with other Helicobacter species present in the
intestines, but definitive studies are lacking. 

General Diagnostic Principles

The question of which patients to test, when to test
them, and what test to use is still a troubling one for
many physicians. Ultimately, the answer to these ques-
tions must be based on patient preference, cost, avail-
ability of different tests, and positive and negative pre-
dictive values of different tests (which depend on the
individual patient population, including the preva-
lence of disorders caused by H. pylori infection in the
community). Nevertheless, certain principles of test-
ing seem universal. First, endoscopic methods of diag-
nosis should be used only if the procedure is necessary
to detect some other condition besides H. pylori infec-
tion. Second, only those patients in whom treatment
will make a difference should be tested. Conclusive
evidence does not exist that eradication of the infec-
tion in patients with simple dyspepsia will relieve symp-
toms, and testing of asymptomatic patients without a
history of documented peptic ulcer disease is not war-
ranted.59 Testing can be considered on a case by case
basis in patients with symptoms suggestive of peptic
ulcer disease.

Because treatment of H. pylori infection is definitely
indicated in patients with active or previously docu-
mented peptic ulcer disease, gastric MALT lymphoma,
or family history of gastric cancer, their H. pylori status
must be clarified. Urea breath and stool antigen tests
are the most cost-efficient tests to identify active infec-
tion, but their limitations must be considered. Al-
though serology is an excellent, inexpensive test to
ascertain if someone with a history of peptic ulcer dis-
ease and unknown H. pylori status warrants treatment,
endoscopy with tissue sampling in patients with a histo-
ry of peptic ulcer disease can provide more definitive
diagnosis of H. pylori infection, as well as information
about the activity of peptic ulcer disease and possibly
other factors at play (including gastric carcinoma).
Follow-up testing with urea breath or stool antigen
tests (both of which have sensitivities and specificities
greater than 90%59) is necessary to document cure in
patients with complicated peptic ulcer disease (eg, per-
foration, hemorrhage, obstruction) or recurrent symp-
toms and should be performed 4 weeks after comple-
tion of treatment.60
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MANAGEMENT
General Treatment Principles

Determining the optimum treatment of H. pylori
infection is difficult, because the organism lives in an
environment not easily accessible to many medications
and because emerging bacterial resistance presents an
added challenge. Moreover, many of the recommend-
ed regimens are difficult for patients to take, leading to
problems with compliance; specifically, having to take a
large number of pills at least twice daily and coping
with unpleasant adverse effects do little to encourage
patient cooperation. Despite these obstacles, current
regimens can obtain cure rates in excess of 85%61 in
most patient populations.

Antibiotic Agents

Currently, antibiotic agents used to treat H. pylori in-
fection are administered in combination, with no single
agent ever used as monotherapy because of a lack of
efficacy and the potential development of resistance.
Metronidazole has activity independent of pH, but resis-
tance to the drug is common in the United States. This
problem with resistance is ameliorated somewhat, how-
ever, when the drug is used with clarithromycin.
Metronidazole can have unpleasant adverse effects (eg,
nausea), and a disulfiram-like reaction to alcohol inges-
tion is possible, although exceedingly rare. Clar-
ithromycin has lower rates of resistance (approximately
7%–11%)62 but is not acid stable, may cause dysgeusia,
and is more expensive than other antibiotic agents.
Resistance to amoxicillin is rare, but this drug usually

requires the coadministration of a proton pump in-
hibitor because its activity is pH-dependent. Finally,
tetracycline has the advantage of low cost and low
occurrence of resistance but can cause discoloration of
the teeth in children and photosensitivity reactions.

Adjunctive Agents

The most popular agents currently used in combina-
tion with antibiotic agents to eradicate H. pylori infec-
tion are the proton pump inhibitors, with omeprazole
being the most widely studied drug. Omeprazole acts
not only by directly inhibiting bacterial microsomal
enzymes but also by raising intragastric pH, thus facili-
tating the action of antibiotic agents, reducing gastric
secretions, and increasing antibiotic concentrations in
the stomach. Other adjunctive agents include hista-
mine receptor antagonists and ranitidine bismuth cit-
rate, which has antisecretory properties in addition to
the antibacterial action of bismuth (ie, interruption of
the bacterial cell wall). However, ranitidine bismuth cit-
rate is no longer available in the United States.

Current Regimens 

Presently in the United States, the most efficacious
regimens include 2 antibiotic agents and at least
1 adjunctive agent for 14 days.63 A European study has
claimed adequate cure rates with a 7-day course of
quadruple therapy (2 antibiotics, 2 adjunctive agents),64

but other studies have not confirmed this finding.65

Most clinicians treat H. pylori infection with a triple-
drug or even quadruple-drug approach. The 1998
guidelines from the American College of Gastroenter-
ology61 judged the following 3 regimens to be optimal:
(1) administration of a proton pump inhibitor, clar-
ithromycin, and either metronidazole or amoxicillin for
2 weeks; (2) administration of ranitidine bismuth citrate
(this guideline preceded the drug’s withdrawal in the
United States), clarithromycin, and either metronida-
zole, amoxicillin, or tetracycline for 2 weeks; (3) a pro-
ton pump inhibitor, bismuth, metronidazole, and tetra-
cycline for 2 weeks. More recent recommendations
outlined in a postgraduate course offered by the Ameri-
can Gastroenterology Association propose the use of
newer proton pump inhibitors60 (Table 2).

For patients who fail initial triple-drug therapy,
according to follow-up testing, subsequent therapy
should involve using a different combination of available
antibiotic agents, increasing the duration of treatment,
or incorporating a course of quadruple therapy.60,61

Culture with sensitivity testing should be performed
after 2 treatment failures. 
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Table 2. Proton Pump Inhibitors and Antibiotic Agents
Recently Recommended for Initial Treatment of
Helicobacter pylori Infection*

Proton Pump Inhibitors Antibiotic Agents

Lansoprazole 30 mg bid† Amoxicillin 1 g bid

Omeprazole 20 mg bid Clarithromycin 500 mg bid

Pantoprazole 40 mg bid Metronidazole 500 mg bid

Rabeprazole 20 mg bid Tetracycline 500 mg bid

Adapted with permission from Cave DR. H. pylori update. AGA
spring postgraduate course presented at: Digestive Disease Week;
May 20–23, 2001; Atlanta, GA. Syllabus page 35.

*According to these recent recommendations, 1 of the listed proton
pump inhibitors should be administered with 2 of the listed antibiotic
agents for a duration of 10 to 14 days.

†bid = twice daily.



EMERGING THERAPIES
Antibiotics and Other Agents

As emerging drug resistance continues to plague
efforts to eradicate H. pylori infection, new therapeutic
regimens incorporating existing antibiotic agents and
newly developed compounds are essential. Nitazoxanide
has promise as an effective agent when used in combina-
tion with omeprazole,66 and further studies are ongoing.
In addition, macrolides other than clarithromycin may
play a role in future therapies.67

The mapping of the complete genome of H. pylori68

has opened the door for a new era in chemotherapeu-
tic drugs. It will now be possible to develop agents that
act on specific key protein products vital to survival of
the bacterium.

Vaccines

Perhaps the most exciting work in the quest to eradi-
cate H. pylori as a significant human pathogen is in the
area of vaccine development. The fact that the organ-
ism is prevalent worldwide, is responsible for significant
morbidity and mortality, and is difficult and expensive
to eradicate makes it a prime target for vaccine therapy. 

Pioneering work in the early 1990s provided evi-
dence that vaccination against H. pylori infection was
possible, based on murine models. It was later learned
that the key mechanism of protective immunity against
the organism occurred via stimulation of T-helper type
2 phenotype cells, which are induced by the produc-
tion of interleukins 4 and 10 and not by antibody pro-
duction.69

Several issues remain in regard to a safe and effec-
tive vaccine against H. pylori infection. In the first place,
a safe mucosal adjuvant or vector to stimulate an
immune response must be identified. Different agents,
including cholera toxin and an Escherichia coli heat-
labile toxin, have been used in conjunction with specif-
ic H. pylori antigens (eg, urease) with varying success
(and varying toxicities).70,71 Attenuated live vaccines,
including strains of Salmonella, used in combination
with H. pylori antigens have shown promise.72 Secondly,
the optimal route of administration needs to be
defined; studies in mice show promise with nasal and
rectal routes, which would avoid the possible postim-
munization gastritis likely with an oral route.69 In addi-
tion, different regimens need to be developed to
ensure complete sterilization of the gastric mucosa; the
latter step has not generally been attempted in murine
models. Clinical trials are underway to answer these
and other questions, with the goal of producing an
inexpensive, safe, and effective vaccine seeming to be
within reach. HP
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