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Since its identification more than 10 years ago, it has be-
come apparent that Helicobacter pylori is an important

pathogen of the upper gastrointestinal tract (1). H pylori is
the cause of type B chronic active gastritis and is a factor in
the development of over 90% of duodenal ulcers. Potentially
of greater importance is the strong link between H pylori and
the development of gastric cancers. The high prevalence of
helicobacter infection in the world and its link to these dis-
eases makes this one of the world’s leading health problems
(2,3). Understanding the pathogenesis of H pylori-associated
diseases is critical for the development of new management
strategies to deal with this infection. The present review con-
siders the current understanding of the immunopathogenesis
of helicobacter infections and highlights the potential utility
of treatments based on modulating the host immune response.

SPECTRUM OF H PYLORI-
ASSOCIATED DISEASES

Infection with H pylori initially leads to an acute gastritis
that is soon followed by the development of chronic active
gastritis. The infection generally persists for life, with the in-
dividual often remaining asymptomatic. Only about one-
half of subjects develop dyspepsia with H pylori-associated
chronic active gastritis, a smaller proportion develop more
severe gastric damage with duodenal or gastric ulceration,
and an even smaller number have disease complicated by
gastric carcinoma, lymphoma or gastric mucosal-associated
lymphoid tissue (MALT) lymphoma. The factors that lead
to a particular disease outcome are not clear but may relate to
either differences in host defense mechanisms or heteroge-
neity among H pylori strains, or both.
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K Croitoru. Immunomodulation of helicobacter infection. Can
J Gastroenterol 1999;13(3):237-241. Helicobacter pylori leads
to a chronic infection in humans that is associated with gastric in-
flammation and a vigorous immune response. Despite the humo-
ral and cellular responses that can be detected in both human and
animal models of helicobacter infection, the immune response
fails to eliminate the organism. Eradication failure may be due to
the niche in which H pylori confines itself, well away from direct
contact with elements of the immune system. Alternatively, the
general tendency of the intestinal immune response to down-
regulate reactivity to noninvasive luminal bacteria also may con-
tribute to the failure to eliminate helicobacter infection. Results
of vaccine studies in mouse models indicate that modulating the
helper T cell response from a T helper cell type 1 to a T helper cell
type 2 response likely is required for the prevention and elimina-
tion of helicobacter infection. Understanding the mechanisms by
which the immune response controls bacterial infections will al-
low for the design of novel strategies of immune modulation and
the development of vaccines for both the treatment and preven-
tion of H pylori.
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Immunomodulation de l’infection à
Helicobacter
RÉSUMÉ : Helicobacter pylori provoque chez l’être humain une infection
chronique qui est associée à une infection gastrique et à une réponse
immunitaire vigoureuse. Malgré les réponses tumorales et cellulaires qui
peuvent être décelées, tant chez l’être humain que chez les animaux de
laboratoire, en présence d’une infection à H. pylori, la réponse
immunitaire échoue à éliminer l’organisme pathogène. L’échec de
l’éradication pourrait être attribuable à la niche dans laquelle se confine H.

pylori, bien à l’abri de tout contact direct avec les éléments du système
immunitaire. D’autres croient que la tendance générale de la réponse
immunitaire intestinale à régler à la baisse la réactivité aux bactéries
luminales non invasives contribuerait également à l’incapacité d’éliminer
l’infection à H. pylori. Les résultats des études de modèles murins sur des
vaccins indiquent qu’il faut moduler la réponse des lymphocytes T, de
lymphocytes T de type 1 à des lymphocytes T de type 2 pour prévenir et
éliminer l’infection à H. pylori. La compréhension des mécanismes par
l’entremise desquels la réponse immunitaire contrôle les infections
bactériennes permettra la mise au point de nouvelles stratégies
d’immunomodulation et le développement d’un vaccin pour le traitement
et la prévention des infections à H. pylori.
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Many studies have shown that successful eradication of
H pylori can cure duodenal ulcer disease (4). H pylori is classi-
fied by the International Agency for Research on Cancer as a
group I carcinogen (5). Therefore, there may be a theoretical
benefit in treating H pylori infection to prevent gastric can-
cers. However, no data show that this strategy will, in fact,
prevent cancer development (2,6). Therefore, the goal of
eliminating H pylori infection is well supported in estab-
lished peptic ulcer disease but remains controversial in
asymptomatic infections. In part, difficulties with a program
of widespread treatment of H pylori are the cost and possible
side effects of antibiotic treatment, and the variable response
to treatment associated with an increasing incidence of
antibiotic-resistant strains (7,8). As the arguments to treat
all H pylori-infected patients become more convincing, there
is a growing need to explore alternative treatment strategies
that can be applied on a large scale.

CHARACTERISTICS OF H PYLORI INFECTION
H pylori is probably the commonest of all bacterial infec-
tions, with a worldwide prevalence of approximately 50%
(9). The organism has adapted to the hostile niche of the hu-
man stomach, where it survives in close apposition to gastric
epithelial cells. Much has been learned about H pylori with
respect to the ability of the organism to colonize the human
stomach. H pylori maintains a persisting infection in the stom-
ach despite the accompanying humoral and cell-mediated
immune responses (10,11). This suggests that the immune
system cannot eliminate or control the infection. On the
other hand, a recent study from China showed that once
H pylori is eradicated by treatment, infection rarely recurs in
adults, even in developing nations (12). This finding sug-
gests that the immune system may be effective in preventing
reinfection. Results from animal studies of oral vaccines, dis-
cussed below, support this contention. What remains to be
determined is what allows the immune response to become
effective in dealing with H pylori infection.

MUCOSAL IMMUNE RESPONSE
MALT in the small intestine consists of organized lymphoid
structures such as Peyer’s patches, lymphoid follicles and
mesenteric lymph nodes. In addition, the epithelial layer
and lamina propria contain immune cells (13). Overlying
the Peyer’s patches are specialized epithelial cells referred to
as ‘M-cells’, which serve as entry points for foreign antigens
(14). Antigens taken up by M cells are transported into the
Peyer’s patches where the inductive phase of the intestinal
immune response occurs. It is there that antigen-specific
B cells are stimulated and undergo switching from immuno-
globulin (Ig) M- to IgA-producing B cells. These cells leave
the Peyer’s patches via the lymphatics to enter the thoracic
duct, travel to the systemic circulation and selectively return
to mucosal sites, particularly the intestine. This recircula-
tion has led to the notion of a ‘common mucosal immune
system’, whereby immunization at one mucosal surface leads
to immunity at other mucosal surfaces (15). Although it is
reasonable to assume that the gastric mucosa is part of the

common mucosal immune system, this speculation remains
to be confirmed experimentally. Interestingly, a recent study
showed that rectal and intranasal immunization protected
against gastric infection with H pylori in the mouse (16).
These data provide initial support for a link between the
stomach and other mucosal sites.

The normal gastric mucosa is characterized by a paucity of
immune cells, a consequence presumably of the fact that a
normal stomach maintains a relatively sterile environment.
On the other hand, the gastric mucosal lamina propria of pa-
tients infected with H pylori is infiltrated by neutrophils,
lymphocytes and plasma cells and, in the epithelium, by in-
traepithelial lymphocytes (17). As the inflammation in-
creases, lymphoid aggregates and follicles reminiscent of the
normal intestine are recognized (18). Although it is tempt-
ing to speculate that the inflamed stomach can mount an
immune response, several elements of the MALT, such as
M cells, remain absent. It is not clear whether an immune re-
sponse can be initiated in the gastric mucosa or whether
epithelial cells expressing major histocompatibility complex
(MHC) class II molecules in the inflamed gastric mucosa
function as antigen-presenting cells (19,20). In fact, recent
evidence suggests that H pylori causes epithelial cell apopto-
sis through direct interactions with MHC class II molecules
(21). Therefore, the gastric mucosa of H pylori-infected indi-
viduals acquires elements of the immune system and appears
to participate in both the afferent and efferent limbs of the
immune response to infection.

The ability of the gastric mucosa to contribute to the local
immune response is supported by the finding of H pylori-
specific IgA in gastric secretions (22). IgA is the predomi-
nant antibody of mucosal surfaces presumably because it sur-
vives the hostile environment of the gut lumen (23). In the
intestine, local T cells preferentially drive B cells towards
IgA production through the secretion of cytokines such as
interleukin (IL)-4 (24). The mechanisms controlling gastric
T cells and their ability to regulate local IgA production are
not well understood. It is evident that immune effector cells
accumulate in response to H pylori infection and may initiate
and participate in the immune response in the stomach. It
should be noted, however, that H pylori occupies a niche that
is not easily accessible to the cells and chemical mediators of
the local immune response. How the immune system over-
comes such a barrier is not known.
Gastric inflammation: The inflammatory infiltrate seen in
H pylori-associated gastritis includes neutrophils and mono-
nuclear cells with plasma cells and lymphocytes. The lym-
phocytes include both CD4 and CD8 T cells in the lamina
propria, and CD8-expressing lymphocytes in the epithelium
(25). The precise role that each of these T cell subsets plays in
contributing to inflammation is not known. The generation
of antigen-specific B cell responses includes the production
of IgG and IgA antibodies. IgG is a potent activator of com-
plement, which may contribute to inflammation and local
tissue damage. In addition, there is evidence that autoanti-
bodies develop in association with H pylori-associated gastri-
tis that may contribute to mucosal damage (26).
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Helper T cells have been divided into T helper cell type
(Th) 1 and Th2 subtypes based on the profile of cytokines
that they produce. Th1 cells produce IL-2, tumour necrosis
factor-alpha (TNF-�) and interferon-gamma (IFN-�) and
contribute to cell-mediated immunity. Th2 cells, on the
other hand, secrete IL-4, IL-5, IL-6 and IL-10, which con-
tribute to IgA and IgE antibody responses and stimulate eosi-
nophilia and mast cell hyperplasia (27). This model provides
the framework for the analysis of cytokine responses to infec-
tious pathogens. It has been suggested that Th1 response to
H pylori infections is deleterious because it can induce muco-
sal inflammation and tissue damage, whereas Th2 response is
more effective in eliminating the organism through the in-
duction of protective antibody responses (discussed in more
detail below, see Figure 1). For example, TNF-� has cyto-
toxic effects on intestinal epithelial cells, and IFN-� contrib-
utes to mucosal damage as a consequence of local T cell
activation (28). On the other hand, IL-4 can damage the
gastric mucosa when given intravenously to humans (29). In
situ studies indicate that both TNF-� and IFN-� production
increase in H pylori-induced gastritis, supporting a local Th1
type response (30,31); however, the degree to which gastric
T lymphocyte responses are predominately Th1 or Th2 type
remains the subject of intensive investigation.

In addition to lymphocytes, epithelial cells and possibly
other structural cells of the gastric mucosa can produce cyto-
kines. In H pylori-infected gastric tissues, increases in the pro-
inflammatory cytokines IL-6 and IL-8 have been found.
These cytokines can be produced by gastric epithelial cells
and serve to amplify the local inflammatory response (32,33).
Activation of T cells can affect normal physiological func-
tions in the intestine (34,35). In the stomach, similar inter-
actions may occur, with early evidence suggesting that this
results in alterations in acid secretion (36,37).

BACTERIAL INFLUENCES ON
THE HOST RESPONSE

Bacterial-derived factors also influence the inflammatory
and immune responses to H pylori infection. Interactions be-
tween bacteria and epithelial cells can lead to the induction
of surface molecules such as MHC class II molecules on epi-
thelial cells and the production of chemokines, including
IL-8 (33), TNF-�, tumour growth factor-beta and IL-6 (38,39).
Such interactions may influence the Th1/Th2 balance. Re-
cent work has identified genes that contribute to the patho-
genetic ability of the organism, including picB/cagE, which
produces a factor that directly increases IL-8 production by
epithelial cells (40).

ANIMAL MODELS
Animal models are critical to the study of immune responses
to infectious agents. Helicobacter felis infects the mouse stom-
ach and leads to significant chronic inflammation (41-43).
The inflammatory infiltrate can evolve into lymphoid folli-
cles containing IgM-positive and IgA-positive B cells and
CD4-positive T cells (44,45). From studies in mice, it is ap-

parent that IgA responses are protective (46) but not abso-
lutely required for the success of oral vaccines (47).

The cellular immune response to H felis infection in the
mouse has been more difficult to define. One study showed a
helicobacter-independent response directed against urease
and heat shock proteins, and a helicobacter-specific re-
sponse characterized by the production of IFN-� with little
IL-4 production (48). Treating mice with the neutralizing
anti-IFN-� antibody diminished the inflammatory changes,
suggesting that IFN-� contributed to mucosal damage.
Role of the host in helicobacter-induced immune response:
Studies of peptic ulcer disease antedating the identification
of H pylori suggested a strong genetic component to the de-
velopment of ulcer diseases (49). This issue should be re-
examined. Immune competence of the host may influence
H pylori-induced gastritis. For example, patients infected with
the human immunodeficiency virus have a decreased preva-
lence of H pylori infection that is not related to the concur-
rent use of antibiotics (50). H felis infection of severe com-
bined immunodeficient mice, however, leads to a gastritis that
is similar to that seen in immunocompetent strains (51).
Therefore, the manner in which the immunocompetence of
the host influences the outcome of helicobacter infection is
complex. The genetic background of immunocompetent mice
also influences the response to H felis infection (52). Balb/c
mice develop less intense gastric inflammation than C57Bl/6
(B6) mice. One explanation for this is that Balb/c mice
tend to secrete Th2 type cytokines (increased IL-4, IL-5) in re-
sponse to microbial infections, while B6 mice secrete Th1 cy-
tokines (IFN-�) (53) (Table 1). Interestingly, treating B6
mice with anti-IFN-� does not alter the severity of the H felis

infection (48). How the genetic background of humans influ-
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Figure 1) Schematic diagram of the host immune response to helicobac-
ter infection. Helicobacter pylori can activate epithelial cells to secrete
chemokines that influence neutrophil chemotaxis and recruitment to the
mucosa. T cells and B cells are stimulated by antigen (Ag), although it is
not clear whether gastric epithelial cells expressing major histocompatibil-
ity complex class II antigen can present antigen directly to T cells. None-
theless, mucosal T cells are shown producing T helper cell (Th) type 1 or
Th2 cytokines. Th2 cytokines promote protection and eradication of in-
fection through their influence on antibody production by local B cells.
On the other hand, it has been suggested that Th1 responses promote mu-
cosal damage and do not contribute to eradication. IFN Interferon;
Ig Immunoglobulin; IL Interleukin; TNF� Tumour necrosis factor-alpha
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ences the response to H pylori infection is not known and
should become the subject of investigative efforts.
Vaccines and immune protection: In the intestine, mecha-
nisms have evolved to regulate the mucosal immune response
and to prevent chronic inflammatory damage. Oral immuni-
zation leads to specific immune tolerance (54). The mecha-
nisms for this are still not well understood, but it is evident
that T cells in the intestinal mucosa are unique in phenotype
and function compared with T cells in the blood (55). This
heterogeneity is related in part to the mucosal microenviron-
ment, the gut flora and their effects on T cell differentiation
and repertoire selection. How gastric T cells compare with
intestinal T cells in these respects remains to be evaluated.
Overcoming oral tolerance remains a major obstacle to the
design of oral vaccines, and oral tolerance may well explain
how H pylori evades immune-mediated elimination.

H pylori-specific cellular immune responses in humans are
not well understood. Immunohistochemical studies indicate
that changes occur in T cell subsets in both the lamina pro-
pria and the epithelium. Several groups have suggested that
H pylori-positive patients have a diminished cellular re-
sponse to H pylori antigen (56,57). This may be due to
organism-specific responses at the clonal level being masked
by nonspecific proliferative responses to whole bacteria.
More information is emerging as new techniques such as in-
tracellular cytokine detection by flow cytometry and quanti-
tative polymerase chain reaction are being used to address
these issues.

Animal studies indicate that helicobacter vaccines given
with the mucosal adjuvant cholera toxin not only protect
against H felis but also eliminate established infections
(58-60). Thus, appropriate stimulation of the immune re-
sponse in the gastric mucosa can lead to elimination of
the infection. The requirement for a mucosal adjuvant such
as cholera toxin or heat-labile enterotoxin of Escherichia coli

suggests that immune modulation is needed to overcome the
tendency towards oral tolerance (46,61). These adjuvants
stimulate secretory IgA and local cellular responses and pref-
erentially stimulate Th2-type responses with IL-4 and IL-10
production. Therefore, it has been suggested that thera-
peutic strategies modulating the mucosal immune re-
sponse towards a Th2 response would prove beneficial in the

treatment of established infection. In a recent study by
Mohammadi et al (62), mice infected with H felis and in-
jected with Th2 cell lines showed a decrease in the degree of
H felis gastric colonization. This intriguing study suggests
that modulating the immune response towards a Th2-
predomint response may indeed be the means by which vac-
cines lead to H felis eradication. The issue of potential toxic-
ity of mucosal adjuvant use in humans needs to be addressed
(61), and the direct role of Th1 cytokines in helicobacter in-
fection needs to be explored.

CONCLUSIONS
Helicobacter infection is an enigma because the infection
persists in the face of an apparent vigorous immune response
and an associated inflammatory response. On the other
hand, in animal models, oral vaccination together with
mucosal adjuvants not only prevents infection but is also ef-
fective in eliminating established infection. Understanding
the factors that alter the immune response, rendering it ef-
fective in the prevention or elimination of helicobacter in-
fection, is critical to the design of future treatment strategies.
These issues await advancements in the understanding of
the pathophysiological alterations that occur in patients
with H pylori-mediated gastric diseases.
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TABLE 1
Degree of helicobacter colonization and gastritis compared
with susceptibility to other bacterial infections in different
strains of mice

Mouse strain

Type of infection Balb/c C3H C57BL/6

Helicobacter felis colonization Moderate Low High

H felis-associated gastritis Low High High

Leishmania species S S R

Salmonella species S R S

Listeria species S – R

Yersinia species S – R

R Resistant; S Susceptible
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