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P SINCLAIR. Virulence factors of Helicobacter pylori. Can J Gastroenterol 1991; 
5(6):214-2 18. Much a ttention has recently been focuseJ on Helicohacter pylori 
( formerly Campylobacter pylori). Ir is strongly implicated as the causat ive agent in 
chronic gastritis, anJ may be involved in gastric anJ JuoJem1l ulcers, al though 
the latte r has not been confirmed. Several v irulence factors have been docu­
menreJ , although their involvement in the pathogenesis ofH /Jylori is not proven. 
H pylori woulJ 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 surv iva l. Strong urease enzymes produced 
by these organism reduce urea to ammon ia and appear to create a locally elevated 
environment with respect to pH. The spiral shape of the cells anJ their flagellar 
motility allow them to wind themselves into the mucous layer nf the stomach . 
Some evidence exists for the production of strong proteolytic activiry, hence 
degrading the mucous barrier anJ increasing permeabili ty for the organism. 
Cyroroxin excrereJ by the bacteria may have some effect on the sutTOLmding cells, 
with the possihle lysis anJ re lease of bacteri al growth factors. T here is evidence 
that a chemotact ic 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 demo nstrated, thus allowing the bacterium, once a t the 
epithelial cell surface, co attach and avoid being washed off by movement within 
the stomach. Although treatmen t with antimicrobials eradicates the organism and 
improves symptoms of peptic u lcer patients, there is no indication that the same 
occurs in nonulcer dyspepsia patients. Further work is essential to describe the 
virulence mechanisms ofH pylori and the possible pathogenic role of rhe organism. 
(Pour resume voir page 215) 
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T l JERE HAS BEEN A VAST A MOUNT 

of research conducted on I lelico, 
bacter pylori ( fo rmerly CamJ;rylohacter 
pylori) since the ini tial rccognnhin of 
this organism in 1983 (I ). Evidence has 
been presented in favour of the positive 
rela t ionsh ip of If pylori wirh ga~tritis, 
and gastric and duodenal ulcer disease 
in human~ (2-4 ). In o ne study, H pylon 
was isohue<l from 100% of the pat ients 
presenting with chronic d uodenal ulcer 
disease (5 ). Evidence for Lhe pathogen­
icity of this organism alsu exists in the 
fact that two researchers have success­
fully infected rhcm~elves, prod ucing 
typical gastr it is (6,7) . AdJitinnally, 
eradication of the bacteria is associated 
with a decreased risk of re larse for duo­
denal ulcer (8). 

V irulence may be defined genera lly 
as the abi lity to cau,e d isease. If 1,ylori 
possesses several factors which may he 
class ified a~ virulence factors involved 
in the parhogenicity of rh is organism. 
T he~e include mot ility through flagella, 
cytoroxin rroduction ,ind protease ac, 
Li vity (9, I I). The organism also pro­
duces a specific b inding colnni zatinn 
factor antigen which is considered an 
imp,irta n t virule nce fac tor in the 
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Facteurs virulents de Helicobacter pylori 

RESUME: On accorde recemment beaucoup <l'attention a Helicobacter /)ylori. ll 
est souvent forteme nt incrimine dans les gastrite1; chnmiques er pourrail 
egalement joucr un role dans les ulcercs gcistrique~ c t duodenaux, quoiquc 
l'hyporhese nc soir pas confirmee pour ces derniers. Plusicurs facteurs de vi rulence 
ont cte re lcves mais lcur contribution au pouvo ir pathogcne de H />ylori reste a 
prouver. 1 l pylori semblcrait avoir un reservoir nature! - la muqueuse gastrique 
Je l'hommc. Pour triompher de cct environncmenr hostile, on suppose que /-L 
pylori presence plusieurs caracteristiques qui favorisent sa survic. Ccs organismes 
produisent unc enzyme puissante, l'urease, do ne l'effet est de liherer ['ammoniac 
a parrir de l'uree, ce qui augmentcrait le pH localemenr. En fo rme de v rille e t 
dotes de mohi lite flagella ire, ils peuvcnr s'cm crer dans la muqueuse de l'esromac. 
On sernit cgalement en presence d'une forte acr ivite proreolyrique, qui degrade 
la barricre muqueuse et en majo re la permeabilite. Les cyto toxines excretces rar 
les hacterics pourraient avoir un certain effet sur lcs cellules en vironnantes, 
entrninanr unc lysc cventuel le ct la productio n <le facteurs de croissance 
hacterienne. Ces foctcurs de crnissance ct lcur concentration superieure dans les 
.:spaces intracellula ires rrovoquent une reponse chim iotactique. Grace a lcur 
capacitc d'adhesion specifique et non specifique, les bactcries parvenues a la 
surface de la cellule e pitheliale pe u\'ent s'y fixer e t eviter d'erre elim inees par le 
mouvement internc de l'estomac. Bien quc le trnitemenr antihacterien eliminc 
cet organisme et ~outage les sympt6mes de l' ulce rc gastro-dundenal, rien 
n'indique qu'il a it le mcme effet sur la d yspcpsic no n ulccreuse. Il est esscntiel de 
poursuivrc les travaux c t de decrire lcs mec.:anismcs de virule nce <le H P)1lori et le 
role pmhogcne possible d e cct organisme. 

colonization of the , tomach and duo­
Jenum (12). 

THE 11 PYLORI ORGANISM 
H />ylori is a G ram- negati ve nrg,mi~m 

usually seen micmscopit·all y as a n S­
,hapcd cel l ( I 1). This bacteri um is 

microaerophilic, nonsporulated , mnti le 
by unipolar sheathed tlagel la and pni­
Juces a very act ive un:asc t:nzyme, as 
well as a hemlllysin, a cytntoxin and a 
protease ( I 3). l n v I t ro, H pylori can he 
grown on hlnod agar wi rh growth np­
rind between > ,"c and 40°C, with 

colonies vis ib le after 72 h incubnt illn 
(13). Colonies are eas il y ide mified hy 
morphology :ind ant im icnih1 ;tl ,usce,,­
tihility patte rn, as all st rains a rc resis­

tant to nalidix ic acid, and sensitive to 
cephalosporins and pen icillins ( 14). 
There arc several methods which can he 

used to detect I his bac ter iu m. As 
evidenced in the t>rigi nal discovery of H 
/rylori and its associat inn with ga~rric 
ulcers, thb bacterium can be detected 
by various sta ins of biopsy spec imens 
(1 ). Recen tly, fl uorescent mo noclonal 
antibodies ro / / /1-:ilori h,we been used, 
demonstrating high sensit ivi ty (cllm­
parative to cultu re) in diagnosb from 

hinpsy ,pccimens ( I 5 ). Several screen­

ing methods arc availahle, Mich as the 
rnpid ureasl' te,t a nd serodi agnostic 

methlllk hut ha ct.:: ri a l cult ure 1, favour­
ed for the in1t1;tl diagnosi, of / I /J-:ilori 
mfec1 ion ( 16). 

EPIDEMIOLOGY 
There h as hecn no defin1t1 \'L' answer 

regarding the nmural rcservllir of 11 
/1ylori. Previous hacteriolngical survey!> 
ut the human huccal c.1vit y, stnmach, 
in testtne, gen itllurinary t ract, b lllnd 
and rectum have rcpnrtcd isnlm iun of 
thi, bacterium in only th e <aomach 
( I 3 ). Recently, I ( {l)•lrm has hecn iso­

lated from pl;KJue and dental pulp o( 

humans ( 14 ). I I /)y/ori has been found 

in Sl'vcrnl animal species, including 
mlmk.::ys, babonns and pigs ( I 1 ). Inter­
estingly, the isolatio n of this nrganis rn 

from meat handlers and vete rinary sur­
geom is signifi c..-in tly higher than the 

.L:cncrnl plipulanon ( 17). H /)y/ori is 
fliund in over 50% of the world popula­

tion ( 2.14 }. There is a pusirive correla­
tion with the presence of l l /)ylori a nd 
111cre,1sing age, a nd a higher prevalence 
is seen in certa in European and Asian 
count ries ( 2, 14). As well, a positive cor-
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relatinn c>- ists hetwcen // /)y/un and 111-

flamma rory changes in the mtcst inal 
epithelium (2). Between 90 and 100% 
of duodena l u lcer patients carry this 
hactenum (2). As well, 50 to 75% u l 

gas tnc u lcer patients arc pusitivl' for/ I 
/J-:ilcn-i ( 2}. Crnwerse l y, 1-/ /)y/r,ri 1s iw­
la ted from 20 Ill 50'}(> of asymp1oma11c 

indi viduab. A lthough there is some 
controversy as tll the pmhngen1c it y lif 

11 /1ylori, there is ample evidence to 
correla1e the presence of t he bacterium 
with the ;1hove diseases. Sufficient evi­
dence may lie int he sclt-keding e>-pcn ­
ments performed h y Marshal l and 
Mnrri, (6,7), in which symptoms were 

induced hy ingesr111g hac1erial suspen­
sions. It is thought t hat the h.icterium 
a lone is not capable o (causing duodenal 

ulcers, hut at lea~t o ne orher factm must 
be present fllr a rmien t Io develop an 
ulcer. These ,1dditional fac tor, may in­
clude genetic predisposit ion or c nv1nin­

mental factors suc h as smoking (5). 

VIRULENCE FACTORS OF 
11 PYLORI 

Motility: l l />ylon 1s a motile h.ict.:: rium , 

propelled hy four tu ~ix shearhcd tlagel­
la. The S-shaped cell and rhc act ive 

f1agella a llow the organism tn move 
withi n the gast ri c environment ( 13). 
Of particular importance is the ability 
uf these organisms to reach I he mucosa! 
su rface of the gastric epithel ium fro m 
whic h they me w mmon ly isolated ( 13 ). 
T he epithelial cel l layer is protected hy 
,1 mucous harrkr which protects against 
gastric acid ( 18). In vit ro Mudies h,1vc 

demnnsrratcd that I ( />ylori rn pidly 
pcne 1 rmes v1scln1s en virnnments in ­

c luding the muco~r1 l barr ie r o f the 
gastri c epit he lium (18). A corkscrew 
mec hanism is apparent ,1s these S­
shapcd , flagellated celb move through 
viscllus en vironment:-- { 19). An in vivo 

, 1 udy nf infect illn rate~ in gnmohiotic 
piglets resu lted in ;1 I 00% infection rat.:: 
when a high ly motile st rain was inocu­
lated , whcre,1s inoculation of a weakly 
motile strain produced a 40% infection 
rate (9). Mo ti lity correlated wel l as a 
\' irulence tac tnr in culnnizatiun hy H 
/1ylori in this aninrnl mode l. 
C h emotactic factors: Ir has he.::n postu­

lated that / I /Jylori arc att racted to the 
epit h elia l ,u rface hy c h e motact ic 
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grndicnts. Most hactcri,ll ce ll~ in his­
tological and electron microscopic sec­
tions of cpithel ial ce ll laye r~ arc d t)scly 
associated with intracel lular junctions 
of the intest inal cells ( 18). Serum con­
st it uc n ts required tn ~uppo n the 
viability and growth of the hac terial 
cells arc most readily available at this 
location ( 19). Spcc ificGlly, be1nin and 
urea are both growth factors required hy 
H /)ylori ( 19). It is suggested that the 
bacterial cel l, once closely anached to 

the epithelial surface, may re lease 
hemolytic facrors. This hemolysm may 
be involved in ly~b of red blood cells 
lying below the epithel ium, rcleasin_g 
essential growth factors, inc luding 
h.emin and ure;i ( 19). 
Ureolytic activity: In addition Lo the 
motility and chcmotactic factors of If 
pylmi, a stro n g urcasc e n zy m e is 
prt)duced by this bacterium. l n order to 
survive the ac id environment of the 
stomach, the bacteria must move quick­
ly Ln a mnre h ospirnhle enviromnem . 
This is achieved, in pare. by the moti lity 
and chcmotactic responses. During the 
process of reaching rhe mucosa I laye r, 
<1 nd peneLrnting the mucous barrie r, the 
cell pmduu~s a st rong urease e nzyme. 
One by-product of the enzymatic acti­
vity on urea is ammonia. IL appears that 
the a mmon ia forms u hal o loca ll y 
around the bacterium, thus protecting 
it against the acidic conditions of the 
stomach (20). 
Proteolytic activity: The mucous bar­
rie r of the stomach is another host har­
rier which 11 pylori must pass in 1)rder to 

reach the epithelial su,face. A strong 
proteolytic activity cowards mucus has 
been demonstrated, at ne utral pH, in 
porc ine gastric mucus samples ( 2 1,22). 
Conversely, others have reported negli ­
gible proteolytic activity in experi­
ments performed under ide ntical condi­
tions, although test stra ins may have 
been suhc ulwred severa l times more 
than in the previous study, leading to a 
possible dec rease in proteolytic enzyme 
production (I l). Further studies by 
S lomiany ct al (21 ), demo nstrated rhat 
the mucus of duodenal u lcer patients 
wa~ les:- viscou~ than asymptomatic 
control patients. This suggests that I he 
symptomatic patients were more sus­
cepti ble to acid degradat inn of the 
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epithelia l cell layer due w increased 
pe rmeahi l it y o( the protect ivc mucus. 
A lthough not reported, it would he in­
teresting to correlate the presence o( I ! 
/)ylori to the decreased viscosity of t he 
mucus samples, possibly indicating an 
effect on mucus degradat ion by 11 pylori. 
Whether the abnormal mucus is a uni ­
que niche for 11 /)ylori or 1s a conse­
quence o( the organism':, presence is a 
question for debate. O ne mighr propose 
t hat H /Jylori creates a local neutral en­
vironment through production of am­
monia a nd , in addition to othe r in vivo 
conditions, may generate the reported 
strong proteolytic activity. 
Cytotoxic activity: Cytotoxic activity 
h as been demonstrated in cu lture 
filtrates o( H /Jylori ( I 0). This activity is 
heat labile and protease sensitive, indi­
cating a proteinaceous nature. Intra­
cellular vacuolization was demorn,trat­
ed in intestinal cel l cultures by tran~­
m is~ion e lectron mic roscopy ( IO). 
Whether there is any s ignificance LO th e 
ahove event in the pathogenicity nf I l 
/Jylori remains en be determined. It 
should be noted that all strains arc 
capable of produc ing this cywtoxin in 
vitro, given the appropriate growth 
conditions. In an in vivo model of in­
fection with I I /)ylori, it was demon­
strated that motile, tox igcnic strnms 
had a highe r infect ion rate than non­
motile, nontoxigen ic strains (9). Intra­
cellula r vacuolization was demnnstraL­
cd in these experi ments, a lt hough t his 
event was also seen in uninfected con­
trols. IL is pt>Ssible that t he vacuoliza­
tion is partially due to inflammatory ce ll 
media tors and norma l ep ithelial ce ll 
turnover in the presence of the infect­
ing organism. 
Cell surface hydrophobicity: If pylori 
produces a fihrilla r h e magglutinin 
which might be an important v irulence 
(;;ictor. To describe this hemagglutinin 
adequately and the subsequent bind ing, 
it is importa nt to review the stages prior 
to bacterial attachment to the epithe l­
ia l surface. A recent study compared the 
hydrophobici ty of the gastric mucosa of 
c11ntrol a nd peptic ulc er disease 
pati ents (22). By microscopically 
measuring the contact angle of a drop 
of sa line on dried biopsy speci mens, the 
author was able to correlate reduced 

hydrophoh1city in hiopstes from 

patients wi th pept ic ulccrdbeasc and in 
H /Jylori po~itivc paticms. The ,1g­
ni ficant reduction of hydrophobicity of 
the intestinal epithe lium in pauents 
cu lture positive for 11 J)ylori may he due 
w a direcr effect of the presence of the 
bacterium, or the release of bacterial 
products, such as proteases and lipa~es, 
which may niter hydrophobici ty (22). 
Ultimately, t he muc1,sal surface appears 
to become more hydrophilic, and has 
reduced capacity to shed unnecessary 
material, which may include 11 /))•Ion 
organi sms. S im ilar hydrophohicity 
stud ies have hecn conduc1 ed on the cell 
surface of H {)ylori. Conflicting re~ults 
have been reponed regardi ng the cell 
surface c haracteristics of this hacteri­
u m. Using hydrophohic interncLion 
chromatography (111<.:) , Emhody ct al 
(23), found that II /Jylori cclb were 
hydrophobic. Conwisting results were 
produced hy Smith c t nl (24), when 
t h ey subjected strnins ro several 
hydrnphohicity measuring techniques, 
includ ing the I !IC. A n overall negauvc­
ly charged cell with dommanr hydro­
phi lie charactcrist ics was the result of 
this swdy, althnugh distinct hydropho­
bic domains were a lso demonstrated. 
The disagrccmem in the ahnvc results 
is explained hy rhe choice nf hydro­
phobicity assay. W hen usi ng the Ill( ' 

method, on e selects for di~ti nct hydrn­
phoh i c domains, wh c reus other 
hydrophobici ty assays detect I he degrel' 
of hydrophobici ty of the e m ire hactcr­
ial cell (24). T he re b agreement that 
the binding of 11 J>ylori to rhe gastric 
mucosa invo lves specific receptor 
ligand complexes as well as nonspecific 
factors including cel l surface charge and 
hydmphobicity (24 ). 
Fibrillar he magglutinin: The fi hrillar 
hc magglurinin of 11 />ylori has hecn 
described in many studies. Early studies 
nf the ultrastructurnl nature of t his bic­
te rium repnrted a capsul ar-I ikc network 
which surrounded cells. as demonstrat­
ed hy electron micrographs of rutheni­
um red stained celb (25). Initial studies, 
a imed a l demonstration nf an adhe~in, 
were developed from the swndpoim 
that 11 /Jylori was invnlvcd in gastric 
ulcer disease, and that gast ri c ulcer dis­
ease was mosl prevalent in humans with 
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blood group O ( 26 ). As iris common for 

path ogem to binJ rn g lyco lipids, 

Lingwood ct a l (26), tesred the hinding 

ofH /)ylori tn lipid extrncts nt O, A and 

R blond cel l groups and to scraping,, of 

the pig and human srnm,ich. A com­

mon glycerolipid was found tll hind I l 
pylori cells. Further stud ies used im­

munogold electron m icrnscopy to 
Jemonstrnte the fihrillar he magglutinin 

(12). Electron micrngraphs of thl'se 

celb demonstrnted lahelling of the en ­

tire cell su rface in a capsule- li ke net ­
work. 

The hemagglut inin of I l />ylori was 

sensitive to heat, papain and pronase, 

suggesting a rrotcinaceous struc ture. 

The hemagglutinin was res istant to the 
activity of pepsin a nd t rypsin. The:,e 

two enzymes are common in the human 

gastrointestinal t mer, ,md the resis­

tance of the adhesin may partially ex­

plain why these hacreria can survive the 

environment of the stomach ( 12). 

Hern agg lutinatinn inhibition assa ys 
were used to determine the exact nature 

of the aJhes1n receptor, which was 
found to be N-acety lneurn minyllactosl'. 

This compound is commllnly found in 

serum 1--lfOte ins such as feruin, sia logly­

coproteim and sia lic ucid contai ning 

erythrocyte an t ,gem ( 12). S imil ar 

receptor relatio nships h,1 ve been dllcu­

menced for uropathogen ic Escherichia 
coli and th e K99 fimhri a l adhesin ,if 
cnteroroxigenic E coli ( 12). It is li kely 
that N-acetylneur,1111111yllac to,e is the 

n:ceptor for H />ylori nn gast ri c 

epithelial ce lls. Evans and colleagues 

(27), (urther suhstantiat ed their claim 

of receptor struct ure when th ey 

developed an in vitro adherence assay. 

H pylori cells adhered to mlluse Y-1 
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