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P SINCLAIR. Virulence factors of Helicobacter pylori. Can ] Gastroenterol 1991;
5(6):214-218. Much attention has recently been focused on Helicobacter pylori
(formerly Campylobacter pylori). It is strongly implicated as the causative agent in
chronic gastritis, and may be involved in gastric and duodenal ulcers, although
the latter has not been confirmed. Several virulence factors have been docu-
mented, although their involvement in the pathogenesis of H pylori is not proven.
H pylori would appear to have one natural reservoir, ie, the gastric mucosa of
humans. To avoid this harsh environment, it is postulated that H pylori possesses
several characteristics which enhance survival. Strong urease enzymes produced
by these organism reduce urea to ammonia and appear to create a locally elevated
environment with respect to pH. The spiral shape of the cells and their flagellar
motility allow them to wind themselves into the mucous layer of the stomach,
Some evidence exists for the production of strong proteolytic activity, hence
degrading the mucous barrier and increasing permeability for the organism.
Cytotoxin excreted by the bacteria may have some effect on the surrounding cells,
with the possible lysis and release of bacterial growth factors. There is evidence
thata chemotactic response is present due to these growth factors and their higher
concentration in the intracellular spaces. The presence of specific and nonspecific
adhesion has also been demonstrated, thus allowing the bacterium, once at the
epithelial cell surface, to attach and avoid being washed off by movement within
the stomach. Although treatment with antimicrobials eradicates the organism and
improves symptoms of peptic ulcer patients, there is no indication that the same
occurs in nonulcer dyspepsia patients. Further work is essential to describe the
virulence mechanisms of H pylori and the possible pathogenic role of the organism.
(Pour vésumé voir page 215)
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THERE HAS BEEN A VAST AMOUNT
of research conducted on Helico-
bacter pylori (formerly Campylobacter
pylori) since the initial recognition of
this organism in 1983 (1). Evidence has
been presented in favour of the positive
relationship of H pylori with gastritis,
and gastric and duodenal ulcer disease
in humans (2-4). In one study, H pylor
was isolated from 100% of the patients
presenting with chronic duodenal ulcer
disease (5). Evidence for the pathogen-
icity of this organism also exists in the
fact that two researchers have success-
fully infected themselves, producing
typical gastritis (6,7). Additionally,
eradication of the bacteria is associated
with a decreased risk of relapse for duo-
denal ulcer (8).

Virulence may be defined generally
as the ability to cause disease. H pylori
possesses several factors which may be
classified as virulence factors involved
in the pathogenicity of this organism.
These include motility through flagella,
cytotoxin production and protease ac-
tivity (9-11). The organism also pro-
duces a specific binding colonization
factor antigen which is considered an
important virulence facror in the
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Facteurs virulents de Helicobacter pylori

RESUME: On accorde récemment beaucoup d’attention a Helicobacter pylori. 11
est souvent fortement incriminé dans les gastrites chroniques et pourrait
également jouer un role dans les ulceéres gastriques et duodénaux, quoique
I'hypothése ne soit pas confirmée pour ces derniers. Plusieurs facteurs de virulence
ont €té relevés mais leur contribution au pouvoir pathogene de H pylori reste 2
prouver. H pylori semblerait avoir un réservoir naturel - la muqueuse gastrique
de 'homme. Pour triompher de cet environnement hostile, on suppose que H
pylori présente plusieurs caractéristiques qui favorisent sa survie, Ces organismes
produisent une enzyme puissante, l'uréase, dont leffet est de libérer I'ammoniac
a partir de 'urée, ce qui augmenterait le pH localement. En forme de vrille et
dotés de mobilité flagellaire, ils peuvent s'ancrer dans la muqueuse de Pestomac.
On serait également en présence d’une forte activité protéolytique, qui dégrade
la barriere muqueuse et en majore la perméabilité. Les eytotoxines excrétées par
les bactéries pourraient avoir un certain effer sur les cellules environnantes,
entrainant une lyse éventuelle et la production de facteurs de croissance
bactérienne. Ces facteurs de croissance et leur concentration supérieure dans les
espaces intracellulaires provoquent une réponse chimiotactique. Gréce a leur
capacité d'adhésion spécifique et non spécifique, les bactéries parvenues a la
surface de la cellule épithéliale peuvent s'y fixer et éviter d’étre éliminées par le
mouvement interne de I'estomac. Bien que le traitement antibactérien élimine
cet organisme et soulage les symptomes de P'ulcere gastro-duodénal, rien
n'indique qu'il ait le méme effet sur la dyspepsie non ulcéreuse. Il est essentiel de
poursuivre les travaux et de décrire les mécanismes de virulence de H pylori et le
r6le pathogéne possible de cet organisme.

colonization of the stomach and duo-
denum (12).

THE H PYLORI ORGANISM

H pyloriisa Gram-negative organism
wsually seen microscopically as an S-
shaped cell (13). This bacterium is
microaerophilic, nonsporulated, motile
by unipolar sheathed flagella and pro-
duces a very active urease enzyme, as
well as a hemolysin, a cytotoxin and a
protease (13). In vitro, H pylovi can he
grown on blood agar with growth op-
timal berween 33"C and 40C, with
colonies visible after 72 h incubation
(13). Colonies are easily identified by
morphology and antimicrobial suscep-
tibility patterns as all strains are resis-
tant to nalidixic acid, and sensitive ro
cephalosporins and penicillins (14).
There are several methods which can be
used to detect this bacterium. As
evidenced in the original discovery of H
pylovi and its association with gastric
uleers, this bacterium can be detected
by various stains of biopsy specimens
(1). Recently, fluorescent monoclonal
antibodies to H pylovi have been used,
demonstrating high sensitivity (com-
parative to culture) in diagnosis from

biopsy specimens (15). Several screen-
ing methods are available, such as the
rapid urease test and seradiagnostic
methods, but bacrerial culture is favour-
ed for the initial diagnosis of H pylon
intection (16).

EPIDEMIOLOGY
There has been no definitive answer
regarding the nartural reservoir of H
pylori. Previous bacteriological surveys
of the human buccal cavity, stomach,
intestine, genitourinary tract, blood

and rectum have reported isolation of

this bacterium in only the stomach
(13). Recently, H pylori has been iso-

lated from plaque and dental pulp of

humans (14). H pylori has been found
in several animal species, including
monkeys, baboons and pigs (13). Inter-
estingly, the isolation of this organism
from meat handlers and veterinary sur-
geons is significantly higher than the
general population (17). H pylori is
found in over 50% of the world popula-
tion (2,14). There is a positive correla-
tion with the presence of H pylori and
increasing age, and a higher prevalence
is seen in certain European and Asian
countries (2,14). As well, a positive cor-
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relation exists berween H pylori and in-
flammatory changes in the intestinal
epithelium (2). Between 90 and 100%
of duodenal ulcer patients carry this
bacterium (2). As well, 50 to 75% of
gastric ulcer patients are positive for H
pylori (2). Conversely, H pylort is iso-
lated from 20 to 50% of asympromatic
individuals. Although there is some
controversy as to the pathogenicity of
H pylori, there is ample evidence to
correlate the presence of the bacrerium
with the above diseases. Sufficient evi-
dence may lie in the self-feeding experi-
ments performed by Marshall and
Morris (6,7), in which symproms were
induced by ingesting bacterial suspen-
sions. It is thought that the bacterium
alone is not capable of causing duodenal
ulcers, but ar least one other factor must
be present for a patient to develop an
ulcer. These additional factors may in-
clude genetic predisposition or environ-
mental factors such as smoking (5).

VIRULENCE FACTORS OF
H PYLORI

Motility: H pylori is a motile bacterium,
propelled by four to six sheathed flagel-
la. The S-shaped cell and the active
flagella allow the organism to move
within the gastric environment (13).
OF particular importance is the abiliry
of these organisms to reach the mucosal
surface of the gastric epithelium from
which they are commonly isolated (13).
The epithelial cell layer is protecred by
amucous barrier which pratects against
gastric acid (18). In vitro studies have
demonstrated that H pylori rapidly
penetrates viscous environments in-
cluding the mucosal barrier of the
gastric epithelium (18). A corkscrew
mechanism is apparent as these S-
shaped, tlagellated cells move through
viscous environments (19). An in vivo
study of infection rates in gnotobiortic
piglets resulted ina 100% infection rate
when a highly motile strain was inocu-
lated, whereas inoculation of a weakly
motile strain produced a 40% infection
rate (9). Motility correlated well as a
virulence factor in colonization by H
pylovi in this animal model.

Chemotactic factors: It has been postu-
lated that H pylori are artracred to the
epithelial surface by chemotactic

(2]
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gradients. Most bacterial cells in his-
tological and electron microscopic sec-
tions of epithelial cell layers are closely
associated with intracellular junctions
of the intestinal cells (18). Serum con-
stituents required to support the
viahility and growth of the bacterial
cells are most readily available at this
location (19). Specifically, hemin and
urea are both growth factors required by
H pylovi (19). It is suggested that the
bacterial cell, once closely attached to
the epithelial surface, may release
hemolytic factors. This hemolysin may
be involved in lysis of red blood cells
lying below the epithelium, releasing
essential growth factors, including
hemin and urea (19).

Ureolytic activity: In addition to the
motility and chemotactic factors of H
pylori, a strong urease enzyme is
produced by this bacterium. In order ro
survive the acid environment of the
stomach, the bacteria must move quick-
ly to a more hospitable enviromnent.
This is achieved, in part, by the motility
and chemotactic responses. During the
process of reaching the mucosal layer,
and penetrating the mucous barrier, the
cell produges a strong urease enzyme.
Omne by-product of the enzymatic acti-
vity on urea is ammonia. It appears that
the ammonia forms a halo locally
around the bacterium, thus protecting
it against the acidic conditions of the
stomach (20).

Proteolytic activity: The mucous bar-
rier of the stomach is another host bar-
rier which H pylori must pass in arder to
reach the epithelial surface. A strong
proteolytic activity towards mucus has
heen demonstrated, at neutral plH, in
porcine gastric mucus samples (21,22).
Conversely, others have reported negli-
gible proteolytic activity in experi-
ments performed under identical condi-
tions, although test strains may have
been subcultured several times more
than in the previous study, leading to a
possible decrease in proteolytic enzyme
production (11). Further studies by
Slomiany et al (21), demonstrated that
the mucus of duodenal ulcer patients
was less viscous than asympromatic
control patients. This suggests that the
symptomatic patients were more sus-
ceptible to acid degradation of the
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epithelial cell layer due to increased
permeability of the protective mucus.
Although not reported, it would be in-
teresting to correlate the presence of H
pyloni to the decreased viscosity of the
mucus samples, possibly indicating an
effect on mucus degradation by H pylori.
Whether the abnormal mucus is a uni-
que niche for H pylori or is a conse-
quence of the organism’s presence is a
question for debate. One might propose
that H pylori creates a local neutral en-
vitonment through production of am-
monia and, in addition to other in vivo
conditions, may generate the reported
strong proteolytic activity.

Cytotoxic activity: Cytotoxic activity
has been demonstrated in culture
filtrates of H pylori (10). This activity is
heat labile and protease sensitive, indi-
cating a proteinaceous nature. Intra-
cellular vacuolization was demonstrat-
ed in intestinal cell cultures by trans-
mission electron microscopy (10).
Whether there isany significance to the
above event in the pathogenicity of H
pylovi remains to be determined. It
should be noted that all strains are
capable of producing this cytotoxin in
vitro, given the appropriate growth
conditions. In an in vivo model of in-
fection with H pylori, it was demon-
strated that motile, toxigenic strains
had a higher infection rate than non-
motile, nontoxigenic strains (9). Intra-
cellular vacuolization was demonstrat-
ed in these experiments, although this
event was also seen in uninfected con-
trols. It is possible that the vacuoliza-
tion is partially due to inflammatory cell
mediators and normal epithelial cell
turnover in the presence of the infect-
ing organism.

Cell surface hydrophobicity: H pylori
produces a fibrillar hemagglutinin
which might be an important virulence
factor. To describe this hemagglutinin
adequately and the subsequent binding,
it is important to review the stages prior
to bacterial attachment to the epithel-
ial surface. A recent study compared the
hydrophobicity of the gastric mucosa of
control and peptic ulcer disease
patients (22). By microscopically
measuring the contact angle of a drop
of saline on dried biopsy specimens, the
author was able to correlate reduced

hydrophobicity in biopsies from
patients with peptic ulcer disease and in
H pylori positive patients. The sig-
nificant reduction of hydrophobicity of
the intestinal epithelium in patients
culture positive for H pylori may be due
to a direcr effect of the presence of the
bacterium, or the release of bacterial
products, such as proteases and lipases,
which may alter hydrophobicity (22),
Ultimately, the mucosal surface appears
to become more hydrophilic, and has
reduced capacity to shed unnecessary
material, which may include H pylori
organisms. Similar hydrophobicity
studies have been conducted on the cell
surface of H pylori. Conflicting results
have been reported regarding the cell
surface characteristics of this bacteri-
um. Using hydrophobic interaction
chromatography (HIC), Embody er al
(23), found that H pylovi cells were
hydrophobic. Contrasting results were
produced by Smith et al (24), when
they subjecred strains to several
hydrophobicity measuring techniques,
including the HIC. An overall negative-
ly charged cell with dominant hydro-
philic characteristics was the result of
this study, although distinct hydropho-
bic domains were also demonstrated.
The disagreement in the above results
is explained by the choice of hydro-
phobicity assay. When using the HIC
method, one selects for distinct hydro-
phobic domains, whereas other
hydrophobiciry assays detect the degree
of hydrophobiciry of the entire bacter-
ial cell (24). There is agreement that
the binding of H pylori to the gastric
mucosa involves specific receptor
ligand complexes as well as nonspecific
factors including cell surface charge and
hydrophobicity (24).

Fibrillar hemagglutinin: The fibrillar
hemagglutinin of H pylori has been
described in many studies. Early studies
of the ultrastructural narure of this bac-
terium reported a capsular-like network
which surrounded cells, as demonstrat-
ed by electron micrographs of rutheni-
um red stained cells (25). Initial studies,
aimed at demonstration of an adhesin,
were developed from the standpoint
that H pylovi was involved in gastric
ulcer disease, and that gastric ulcer dis-
ease was most prevalent in humans with
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blood group 0 (26). As it is common for
pathogens to bind to glycolipids,
Lingwood et al (26), tested the binding
of H pyloi to lipid extracts of O, A and
B blood cell groups and to scrapings of
the pig and human stomach. A com-
mon glycerolipid was found to bind H
pylori cells. Further studies used im-
munogold electron microscopy to
demonstrate the fibrillar hemagelutinin
(12). Electron micrographs of these
cells demonstrated labelling of the en-
tire cell surface in a capsule-like net-
work.

The hemagglutinin of H pylort was
sensitive to heat, papain and pronase,
suggesting a proteinaceous structure.
The hemagglutinin was resistant to the
activity of pepsin and trypsin. These
two enzymes are common in the human
gastrointestinal tract, and the resis-
tance of the adhesin may partially ex-
plain why these bacteria can survive the
environment of the stomach (12).
Hemagglutination inhibition assays
were used to determine the exact nature
of the adhesin receptor, which was
found to be N-acetylneuraminyllacrose.
This compound is commonly found in
serumuproteins such as fetuin, sialogly-
coproteins and sialic acid containing
erythrocyte antigens (12). Similar
receptor relationships have been docu-
mented for uropathogenic Escherichia
coli and the K99 fimbrial adhesin of
enterotoxigenic E coli (12). It is likely
that N-acetylneuraminyllacrose is the
receptor for H pylori on gastric
epithelial cells. Evans and colleagues
(27), further substantiated their claim
of receptor structure when they
developed an in vitro adherence assay.
H pylori cells adhered to mouse Y-1
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