
Pathogenesis of 
Helicobacter pylori infection 

P SHERMAN, B GOLD. Pathogenesis of Helicobacter J>ylori infection. Can J 
Gastrornterol l 993;7(5):395-405. The fo llnwing aspect, uf I lclicobacter f)':vlori 
infection arc 511mmnri:ed: viru lence fact1.1rs cnu~ing H />ylori-induced t ypc R 
gas1rirt,, the ro le of H pylori in nonukt: r dy,pep,i:1, the patlwgenesis of FI 
/Jylori-a,socimed peptic ulcernt ion, and mechanism~ of chronic 11 pylori infect ion 
which C0uld re,ult in g,1,,tric carcinogenesis. 
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Pathogcnesc de l'infection a Helicobacter pylori 

RESUME: Les aspects :;ui,·ants de ['infection a Hdic:ohacter pylori sonr resum~s 
ic1: factcurs de virulence responsnhles de la gc1strite de rype 13 induite pa r l l 1iylori, 
le role de I l J>yluri darn; la dyspl.'psie non ulcereuse, la parhogcncse de l'ulccrc 
pcptiquc lie ~1 l / J>yluri, ct k~ mccanismcs de l'infccti1m al l }))'lori q~1i pourrait 
evoluer vcr~ unc ..:arcinogcnc~c gn~triquc. 

Tl II ( ilC\~I l\,J'( i ·\ 11\'I·. "i'IIZ.'\I 

,h.ipcd ,1r.t1,111t'1ll u1rrcntl~ rclcr
rcJ was I /dico/im·cer /ry/un ( I ) i, D I ;1 h
lishcd a, a human pathul!L'n c: 11 1, ing a 
hi,tupath\llogiL. ill \ L'\'ilk-nt 1. hn ,nk 
auivc g;1,1ri1i , (2). Thcrl' b ,,,cul1vi1y 
r,1 the infcLllun hL·c.1u,1.· mher knP\\'11 
cmN:, of ga~1rir1 ,, 1nLlud1nt1 g;1,trndlll1-
dcnal Cnihn \ di ,c;1'c, ct1,in11philiL ga,
rrncntcri11, ,ind drug 111,gL·,1i11n, ;ire not 
rnrrclatcd I\ 1th I/ /rl'lori col<111 i~;lli1H1 t1f 
rhe anrrum ( ) -5 ). Chall1.·11,1.;c ,,f ht11h 
human voluntcL'r, (6,7) and L1hurn1ury 

.mim,11 , (ii) re,1il 1, in 1h1.· dL',·cl1>J'tnL·111 
<1J Lhnmiv,lllt\'L' ga,tr111,. In :1dd11 1<ltl, 
thl'l'ill'\ Lk'ari n1-: 1 he h.1Ctl'1'1:1l 111f1.·ctt\ll1 
l'l',ul1., 111 rc,t1lu11u11 ,it till' g:1,tr11is (9). 
Therl'fi ire, 11 />-:,;Ion tnfcu it111 ,md c, 1lt1-
11 i::111, u1 ut the ,t,lln.ich luli,b c.id1 ol 
K,Kh\ p,,,1ul:111.·, ,1, ,I c,111,c· ,1l chrnn11.
:1cti\'L' 1-:;1,1 ri1 is in hum;11b ( IL1). Acu1-
m11l:11 in1-: 1.·,·idc·111.L' indic:11,·, 1h.1r rh1, 
,H·g,m1,111 .il,u h,1', ,111 c11,1pa1h,1gcn1 1. 
n,lc in pcp11c ulcer dt,L';t,L' .ind g,htl'IL 
carcin11111:1, c\'cn I ht1ugh cnch ,it K1 IL h \ 
p1.btuhlle, ha,·L· 11u1 ~1.·t hccn fultilll'cl. 

/)itisi,m 11( l,m1ro,·n1,•rn/u.~,·, l~l',.:11rch h1,u111t,· . rl1l' I /m/>11,i/ fur '\1ch ( /11/tlrc11: 
Dc/lltrm1cnr., of l'l'drmno mi.I ,\ licrnh10/ug)'. l '1111 ·,·Nrv u["I urrnw,, Torm Ho, ( >ntt11w 

Cone.,/)m1,"'11ce. /Jr l'hi/1/1 <;fi,T11wn. I )11'/\lrn1 o/ l ;,1.,rroc•11rnll/11gv ( l~wm1 l ·H8). Thl' 
I lm/llwl jiff \id< ( '/iildrl'n, 'i'i'i l 1111\'l'\II\' \1·c1111, . I 11ru11C11. Umano i\ 1 'i(; 1'\'.8 . T,·l,•f,Jwnc 
(.//6) RI {.(i/85, F((\ (-416) ,'> I l 6'i3/ 

CAI\: J G\',llulLt-.TI l\1)1 \lu1 7 Nn 'i Jt 1 \ 11/lJ) 

Sc,crnl rl'p,,n, qu1.·,11un wh ... ,h ... 1 1h1, 
inkc1i,H1 :tl , n 111.1) hl' ,1 I.inn, 111 the 
l'tiPlugy lli c li n1c1l wmp1,1111s Ill ti ll' ,th 
Sl'IKC l 1( end, ),i(\ >J)l l' 1:vidt'lll\' \ ,t p,·pt IL 
11kcr:11111n. Tlw p;t1 h, 1gc1w,i, nf / / /l\' 

lon- ind11ccd g.1,1 mdundcn:tl di,L·:t,L', i, 
nut dl'.trl \ 1.•,1.1hli,lll'd ( 11 I~). T lwre 
fnrL', 1hi, l'l' \' iL'\\ \\'Ill h1,ghligh1 ITl'l'lll 
l1nding, d1:n :1llt'l'1:111g ho1 h thl' , 1ru
knc1.· 11rn1'l' l'I tl'', ,t I I /r'//11); :mcl I hl' h11, 1 
f"<.'',J'ClilSL'' l1k,•h- lll\\l"l'l.' 111 lhl' f),llhtl
J.:CllL'SIS ul d1 ,e.1,l'. Th L· 11:11ht1gl'lll''" t1l 
If />ylon 111kc11L,t1 Ill g.i,t rll 1',, n,1n11k cr 
dv,1icp,1a, l'l'Pl IL 111.. er.it i, l' di,va, ... :md 
,!!:lS(J'll' L:l l'Lin,,111.1 l\'tll hl' lllllStdl'rl'd Ill 
,c'ljlll'l1Cl'. 

H PYLORI-I DUCEI) 
GASTRITI S 

t\ l1h1111.gh II IS 11\11\' L',t:th lt, ill'd !h,1t 
/ / /rvlori 111fl', t1,111 1, ., ,;iu,l' 1>t d 1nmil
,K 11, ,. (I\ p1.· H) g,1, 1 r11 i,, t hl' prect,l' 
llll'L h;uw,m, 111, oh 1.·d in tlw 1nduuio11 
11l mt 1l'lis,tl i11fl :1m111:llit1n 1111he :1111rum 
:trl' llPI cll',tr. t\ 1.;e1wr. tl um,,dcr,ll illn 
llf the f.1e1 nr, 111\'nh·cd 111 I hc 
Ctiup:11hog1.'lll",I', t1 f di...c.l,L' Glll'l'd hy 
,11her h.1c1eri,tl cn1,·rnpa1hugcm in
c lu,k, ingl·,t il,t1 l1f 1h,· 11rgani,m fn1m a 

rl' se r,·1ltr, c1,l,111i:;11iu11 ,if 11111n,,:d Sill'' 
,llld h,lCtcnal mlhc,irn1 10 llllll'lN ii ,11r
iacl',, (l,llmn·d hy l'il hl'r toxin 11rnd11c-
111111 nr muui,i;d 111\'a,1011 (14). 
Tlwrd,irL', follu\\'in,g a '1 milm ,,utlinl' 
thi, rvvil.'w wi ll c,111,1der 1hl.'. p1Hcnt i;d 
,·,ruknu: pmpcn 1c, ,,f 11 /rl'lnri whiL h 
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Figurl' I) ,\!,Kid oj 1hc ,1,1gc, /,~, 1l'i11ch I ld1 
u1h;1cll'I' l'\IPn t'<III'<'-' rhrn111c-.i,111•r ( l\'/>c· 13) 
.~mcrni, 

111.,y hL' 11111,l1c11L·d m tlK· i11duu111n 11f 
.t.:a,tri t 1, ( F1.t.:ure I ) . 
lngestion: A, ,h,m•n in Figure I, I I f>:1lt1ri 
mu,t fir,1 gain acct:" lll t he g,1,trointt:s
t 111:11 trnct. The re,ervn1r fm I I />:,ilori 
infectinn, h,lWL'\'er, is ,t11l not known 
(l'i). Jn111.1l ,1udies wh ich fnund thm 
the ltl'que11C) of I I />:1lon·-spt:ci(ic :11ni
hnd1es wa, h1glwr in serum ,.11npk, uh-
1ained frnm .1 hat tu1 r wurh·r, 1..1)mpar1.:d 
wirh u,mn,b ,uggestL·d that rlw 1>rg,111-
1"n might ht: acquired ,ls a :nnnu11c 
111kcti1m ( 16). A more n:cen t rep(1rt 
implicating I I />)'Ion .is a :nonlllic infec
t11m mdicates seropnsi1ivi1y 1, al,n 
higher ,11nnng rurnl M,mit,ih,111;, cum
part:d \\'i t h I heir urhan n >11111 elT'Hrt, 
( 17). I lo,n·ver, ,Ill ,m i111;1l reser\'liir f,1r 
t hh 1irg.mi,m h,1s nn1 )'l'l heen ,dent i
f 1ed. C ,mcern, h:1VL' nbu heen r,11sL·d 
.,hour the ,-.ilidity nf these ,nPL'J'idem
i11 l,,gic.il 1·inding, .is there are uHnn11m 
ilagellar .111tigenic epit,ipe, in b1th l I 
/>)•lnri .ind enteric LillllJ'Yl1>h:1cLL'r,. 
Then· i, ,ilso e,·1dencc ot 111trnlamil1:il 
cl ustering of/ I /r)•lori mfcc111 111 (IR) sug
_!.!e,1111.t.: t h;i r pL'rM 111-t o-per" ,n t ran,m 1s
, 1on uf the gastric pathugen, i.1 either ,I 
fecal-to-1mil rn ;111 ur;tl -ro-orn l niutL' 
might ,iccur. The, 1rg.1nbm \\'a, recent I) 
'lilCL's,full y cultured frllm stool ,.i mple, 
hy l' lllpl11y111g select Ive grnwt h rned1;1 
( I t.J). Report, t hm dl'nt;1l 1,l,1tJUl' migh t 
'>L'l'\'L' a, .i reservoir tor thb gastric p,1tho
gl'n (20) ,ugge,t thai 11 />::vlori migh1 he 
tram.milted thrnugh excretion i11 sa li,·;1. 

Epidl'mi,1logirnl L'vidL'nce 1if chi ld
h1•lld t>\'l'l'Crtlwtling ,1, ,1 risk foctllr for 

\% 

rlw ,1cqui, iti ,m uf I I fry/mi abu ,uggL'sb 
l h;1t therL· 1111ght he pt:rsPn-w-peN n1 

t rnn,mNi,111 uf the infec t ion (21,22 ). 
I lo11·e,·er, annther p11ssihtl1t) is rh,11 an 
e1wrn1nmental ,ource uf 11 J>yluri place, 
indh·iduab 1-csiding ll'ithin a common 
SL'lling ,11 risk fm acquisition ,it' the in
kui,m. Additi1111al ,t11d1es ill'l' dl'arly 
required tu esr:ihl ish the environmental 
re,nvl1i r llf / I /1:,iluri. 
Motility: I I J>::vlori is ;i flagellated nr.!.!an-
1,111 Lharnnl'n:ed hv rap1cl dmting 
mu,·emenrs ll'hen \'tsuali:ed under 
ph.1,L·-um1r.ist 111icnisc,11w (2 )). Re
cent L'XJ)L'l'lll1e11tal evidence ,uggest, 
th;H 11101 ility Cllnfnred hy tlw fl.igella is 
,m 1111ponant , ·irulence fac1nr fi1r this 
h;K!L'l'lum. l::1t11n l'I ;ii (24) tc,ted nlln
llHH ilc \',ll'lilnh ,if I I />)•Ion in a g111>tt1hi -
1llic J'idet 11111del of I I /1:1/ori-induccd 
chroniL g,1striti,. Onl) t11·,1n(L·ight J'ig
lt:t, infected ll'il h the non11111tilL' ,trnin 
dl'vL'lu11ed coloni:au on of rhi: stt11n:1Ch 
comparL·d with nine uf IO p1gl eh chal
knged ll'1th a motile 11 />'vlori i,ol.ite. 
A ltl111ugh isogen1L nn11<1nh were nnt 
employed, these init 1al findings suggest 
that this mganbm\ m,Hi li t) propertii:s 
increa,c it, ;icce.,s to hoth rh1.: gastric 
l'J'ithelium ,md the 1werl ying mucous 
l.1)L'r which then ,L·n·e ns 1he Inca! cn
v1mnmental niche f1ir lung term coln
ni:arion ol infected humans. 
Colonization: During infectinn in vivo 
11 />ylori n1lnni:cs the lllUC()US b yer 
Pverlying ga,1ric epithelium. In vitm 
the organi-.m dncs nnt sun·i\'e helow a 
,,I I nf2. 5 ( 2 5). In ,·1 ,·n t hL· 11rgan ism, d() 
11(ll re,idL· within the h1gh l) acidic lu
men of the :..llHnach, but rather in rhe 
mure neutrnl pl I environment fmmed 
hy the n1t1cu,-hic,1rh()J1,lle layer immL·
dimcly adjacent 10 the gastric epi thL•lial 
surfoL(' (26). 

RecL·nt ,tudies sho11 that l I />-:ilori 
adhL·res t() 1sl1la rcd gastric mucu:, in 
,·1trn. Sudium metaperinda1e-inducecl 
, 1i.. idm ion n( sugar , ide-chai n, reduces 
hind mg nt mucins t(> I I />)•lori indicating 
1ha1 carhnh ydrate ,ide-chnins on the 
mucus glycnprotcin nre involved in me
diat111g ;1ttachmcnr nf the organbm 
(27). Other inveMig,Hor, h.1,·e :..hown 
that ga:..tn c tnULLI:.. Is degraded by urea:..t: 
(28,21.J) ll'hich i, a preformed, surface
c;.,.pn,i:d L'n: ymL' that i, pre,L'nt ()11 the 
h,1L1er1al cell ,urfoce (10). Further re-

,carch h,1, ,h,nvn th.u smfacc hydn1 
pl11,hici1y 111 the stumach is cu11fcrred 
hy the ,iverl ying g:1s1 ric 111t1c,n1s l;1yer 
( 1 1-1 \). Measlll'L'lllents u( t he u>n1 ;1u 

,mglc, as .i determin,mt "' surface hy
druJ,hllhiLil r, lll1 gaslriL muu1,a l h1op
,ic, ,iht,1 inL'd frum paticnt, wi 1h 11 (>",' 

lori 111feu1,,n (St.J'') ,1rc ,ignif1L,lnt l) 
l,m'L'r 1han \\ 11 h1op,iL·, uh1a111cd (n,m 
subjects w11h1>t1 I 11 /iy/ori 111fec1111n and 
chnin1c-acti\'e gastnt1, (70") 04). ThL· 
cnntall angles rt:t urn 11 nv;mb norm.ii 
,·alues fnlluwin.i..: er:idic.111un uf t he 
I I /)ylori infection 05). Therdorc, db
rupli(ll1 of gastric nwClh intcgrit) h) 
I I J>·vlori and its pruducts u1uld acun111t 
(tlr t he,e nh,en·L·d c hang<:s 111 , 11rf:1Cl' 
hydn1phohic11y. T lw urL·a,e cn:ynw 
n1u ld reduLe I he ,t1rface h ydmphoh1v 
11y of 1he infec1ed :mt ral muc1ba h) 
degrading inucu, (28,29). 011c group 
rq,un, rhm I I /iylori d nhurn rL·, .1 pn,
te:ise that " ,11,o capahle nl degrading 
n;ll l\'e g:i,ux mucus glycnpnHL'in, 
( 16). I llnwver, evidence nf pro1eolytiL 
activity in 11 /l'llori strains has n,1t heen 
cnnfirmed h) rnher invest ig,llors ( 17). 

The genes encoding fm pmduct i,111 
of I he st rucl ural suhunits of thl' urL'ilSl' 
enzyme, as well as regulatory and acce,
smy proteins, have heen c l,ml'd and 
sequenced 08-40). Use of bugen1L 
knockout st nuns defic ient only 111 the 

product ion nf urease ( 41) should now 
be 1.:mployed in studi l', tn dl'term11w 
whethi:r the mut,mls arc st ill c;1pahlc of 
al tering the u1mpos1 t ion :ind fu1K
u nn,il propl'rt te, of g,1,t ril muuns. As 
Jetailc,I hdow, 111T:1se has al,o hcen 
proposed ,h " ,·irulenct: detcrm111an1 
mediming h, lt h h,lCIL'ri:il ,1dhesion ,md 
c ytop,1th ic effeL r, 1,n ti,,ue u 1 Ii ure ep1-
the l ial Cl' II ,. Thercfnre, hngenic 
urease-dct"ic1ent mutant, shuuld he l'lll 
plnyed t11 e,tahl ish wlwthi:r the 111Tase 
en:) me is ,ilso involved 111 t he,e stL'ps in 
rhe pathogenesis of chron1vac11ve gas
tritis. 
Adhesion: Puring infcc1 ion 111 v1,·n 
I I />ylori al st 1 colnn 1:es t he ,urface uf 
gast ric epithelium, pan 1cularly in 1he 
an t rum. T here 1s elcc1ro11 micrusc,1p1L 
evidence of direu aJhe,ion hctween 
bac teria .111d the apical plasma mem
hrnne of the infected eubryotic ce ll 
(42,41). Ini tial report, ,uggc,ted ;1 pre
di lccrinn ,1f 11 /iylori tu inrrncellulm 
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junctintb; hu11•c1•cr, , 11h,,cq ul'n1 , t udiv, 
have n,11 cnnlirml'd this ()h,er\'.1 li,H1 
( 44 ). During adhe, 1lln o( I I lrylori 111 

1 ivo 1hcn: "l,1s, llf the ap1cal 1111cnwil
lus memhrnnc and in1i111;1I L' c, mL,lCL hc
Lween L he su rlace ot I he organ i ,111 n nd 
the ap1c1I pl a,111;1 memhranc of t hl' epi
rhd 1al cell (·H.45). Th1, find111g ha, 
morphologic karurc·, similar tll 1he in 
tim,11e adhc,1ll11 \ ,( L erl ;1111 1 ype, nf d 1ar
rhcagen u .. Esc/11:nchw coli Ill L'll lLTocyte , 
and c,1lonucylL's dunnJ.! 111ku111n llf 
hoth human, ,tnd dnll1L'sllc1ted anunal, 
in vin1 and l111l,1\\'ing 1nc11hatinn with 
cultured cp1thclial cell, in vi tro (46). 

In vitro hinding "f / I /1:,ilori 111 a \':t ri 
cty of epithcl1. t! cel l lltlc, h.1, hcen dc
,cribcd including adhc,11111 "f h.1ctl•ria 
to tissue culrure cell l111e, derive,! tn1111 
ga,tric carci nnm;1 (l'g, "·\ ll 1- ]] J cell,) 
(+7,48). Duri ng 1nfcc11lln nf ls:,\ll1-I]] 
cclb therl' i, initi:il hinding Ill 111tuc1 
ITii(rO\' i lli and L'\'tdel1(l' llf d iSrllJ)I ll lll llf 
the micnwillll', memhranL' wtth ,hlhc
, inn uf rhc 111kc1inl.! ,1rg,m1'm 1n 1he 
unde rl ying pla,m:i memhram· (47). Re
ce111 111,1rk mdiu11e, that in 1·itn1 .1dlw
sion of Tl Jrylun tll ho1h Is:!\ J\1. JJ] cclb 
and dilfo n:ntt ,Hcd L'pitheli.d cdb is<1-
la1ed from ga, tr1c muuNtl h1 ,1p,ic, 1, 
grealL'r than the degrL'L' ,if hKternd .id
hesinn 1,1 i,oh11 ed du ll,il'nal en t..:1\ ic yte, 
and cohm,)Cytes ( 49). 

During 11 /)'\'Jori infcc11u11 ,1f iS<1l;t1ed 
ga,tric epnhcl1al CL' II, of lapme migin 
there i, decrL',i-ed ,ll id prnd11c1 illn ( 50) 
and incrc;1sed pcp, inllgen rele1,c (5 I) 
fr@1 thl' 1nfccrcd cclk 11 /l)'lon lipll
pnlys,1Lc h,1r1de ts reportc•d ;i, ,1 pPtl'n
tial hacteri.11 mcd1.11,1r inducing 
pepsinogen rele.1,c (52). l )1her , tudic·., 
hal'c nil! cunfirmed that tlwre :1rc 
changes in e11 her au d prod11c11n11 or 
pepsinngcn rek ;ise during I I /l)'liffi in
fecrinn ( 5 3, 54 ). Thus, whe1 hL' r these 
observminns c,1rrelatl' ll'ith changes 
(ollmving inkctilln in , i1ll rema1m 1111-
cermin. 
Receptor for H /rylori binding: Pre
vious epidemiolllgirnl studies ,dcnrified 
hlnod group s1 m u, us ,t risk focwr for the 
Jcvclopmenr ol horh g:1stnti , and pep
t ic ulcer d,sea,c; indil·iduab wi1h hl,1Pd 
group O arc a1 h ighe,t ri,k fur I hesL' 
gastrnduodenal b,tlln, (55). Sinct' 
hlood group st,ll us is re Im ed l( 1 the , ugar 
comp,1s itinn (if glycolip1ds in the red 

hl ""d cell 111c·mhrnnc (56), in cnll.1ho
r; 111, 111 II' IL h Pr Cl i ffmd Lmgwo, id. \\'l' 

sllu[!ht t, hle1 nm ll)L' , t l here 11·,1, 'l)L'll f ic 
hi nd ing llf 11 /i:,ilun tu lipids ex1 rac1L"d 
fr,1111 en 1hr,Kytc, oht:1 ined lnim ind1 -
1·idu:d, , if l'arymg hlllod gn>ups. Ust ng 
a "ll1d-pha,c partition hindinj.! :1,,.11 

hn,cd uplln thm l.1 yl'r chnimat,1!.!rnm, 
(TLC) tll evalua t..: 11 />'ylori hind1n.!.! Lo 
separated lipids, ,1Lir hypllt hc,1s 11·a, tllll 
c,>nf1r111ed. T LC-o\'crla; .1ss,tys ,lemnn
strated h.tC1cria l adhl',i\ln to lipid, cv 

Lrnctc'd lrom cry1 hr()cytcqif A BO hl olld 
gnill[)' ( '57). This st udy d id ,h,n1, hllll'
el'e r, that there is a receptor present 111 
t hl' li pid extract tP which 11 /l'ylon ml
herc\. The ,.1me recept(lr i, pre,ent 111 
t hc ;111 rrum and, w ,\ lesser ext cnt , in the 
funclus ,if h111n,ms (57). T hc· rl'lCplol' i, 
,il,,1 l'resL'nl 111 tissut· u dtu re cell l111l', 
In which illl' llt'j.!<111ism ,tl rnchc,. Suh
,..:quent ly, 1 he membrane rL'L'l'j'lllr illr 
l I /1-:,.•lori hinding ha, heen char.tL!L'ri:e,I 
as a form (if 1>hosphaL1d\'lcthanolum11w 
(58). I I /1)'lr1ri als,1 hinds 1<1 :1 de.icyl.i ted 
lurm llf 11h,1,phatiLh le1h.111ola111111e 
( 59) and I, 1 1 h..: .!!,tngl insides ,!.!,lllgl 10-
t c1 ra, ,,yker;t111 idc (.1,i ,1! ,1-( ,M-1) ,111d 
!!,111glillt rt,bykera m1dl' (;1,1:d, 1-UM-2) 
(60.6 1 ). WhL·thcr thL''L' memhntnL' rL·
cept, ir, are surfnLe exp,1sed an,I nw,li :ll L' 
hinding of / I p·y/ori dur ing tlw inlec1 i,111 
111 ,·il'O rl'quires further invesLigntion . 
Adhcsins expressed by H pylori : T he 
hacterial prmluct mcdiat 111g adhe"lln of 
1111:,ilon Ill gastric mun" .md 1,1 g:t,t riL 
L'ptthclial surf.K,.> is 1101 l'L'l k11l1\\'n. It 
is l1 h ·ly. h,n1c·1·c· r, tha t 11111lt1ple dl'tl'r-
111111.1111, ,tre in\'()hed in hindin l.! ,1f tlw 
,1rg:1ni .,m t,1 ,11rf.tce relq>tor,. In a su
j)erb rc\'ic11· o( hactenal ;1dhesi,)n h> 
11:t,ty et ,1 1 (62) I t wm, uinc ludcd th:tt 
"h:teleria ab(> L'xprcs, multipk adhesin, 
and fun hc'r, tha1 the adhc,111, prnhahl ) 
I unction in di,tinct kmet 1c steps". T ill' 
same re1•1ew indicatl's th,ll therL' ,, "nu 
IWL'Ll t,1 hring .111entilln I() 1hc Ctll1Cl'pt 
,,r multiple ,idhcsins in Urnm-ncg;11 i1·L· 
h,tctc ria so \\'idespread Is 11 s ,tcCL'f' · 
tance". I I bl 1kely th,ll thi, concept abo 
huld, true whc'n nin,idering 11 /1:,ilori 
<tdhe,inn L,l gastric l'pirheli;i h, ith in 
vi tro and in \'ivo. I hnvevcr, knockout 
111wmi,1ns of pnrcn tial ndhesin gene,, in 
the organism will he requ ired tn dcfi
nncl y est a hi bh whether a stn,!!lc v, ru
le nee determinant or 111ultiple genes 
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enc,1Lk the ,1dli c·,1ns ll'hllh j)J'llll1llll' 
hind1ng nf / I /1:,ilon tu 11111cm. tl ,11rl.1cc',. 

11 Jrvlun ,1r.i in, :irc· k11,11\ 11 10 ,lgj.!lu-
1 i n,tle L'r> t hrlll) 1 c·, ( 6 ~-65). l km.1ggl u
t i n;1t 1l 111 111d1c,llL'' 1h,t1 thl'rl· ,., :1 
recep1nr ,m thl' pl.1'111;1 llll'lllhrnnc· nf 
red hl u,1d Ll'II,. It .il-..1 ,km,1mrr:11c·, 
1ha1 .t he111.1gglu1111111 l'Xjll\:s,L'd ,111 the 
hac len ,il cell ,url .icc ml'd1ate, :11t.1ch-
111c·n1. 11,ll\'l'\'l'r, 1hi, lnilnnn,e rl's1,1;1111 
hc' lllil.!.!).d111111.tt 1011 may n, 11 u 1rrcl. t1L' 
wi th hindtng llf 11 /n•lnn 1,1 .i.:,istnc L' j)l
t hd 1a l cells and gastric muu1,. 0J1l· 
gnnq, h,1' rcpo11 L·d t ha1 I I f>'\'lun c'X

pre,,l'' ,l hc·lll,t/,!j.!l ut in 111 t h,11 h111d, Lll a 
specific J;1ctllse-cun1 ;i111111g rl'lc·11t,1r .ind 
1h.n 1hi , h;iLLerial pniduu :ti", might 
he inv,,lvcd m hinding thL' 11rg,mis111 Ill 
epithelial , urhtcL'S (66). T hi, hL'lllil ,!.!-
1.!lut i11111 1, expressed 111 1·1vn hec;nisL' 
1hcrL' i, ,t spcc lf1 ( humnr;tl re,1)011,c· 111 
tnku,·d 1nd11·1du;ils (67). Anlll her 
group h.is rl'pllrll',l 1h:1t "1me 11 Jryluri 
,1 r.t in, cl.thllr:ll t' ,t ,i ,luhle hem.1g,[!lu-
1111in t h.11 1, ,1 potelll 1,tl :idh,·,1n• I.turn 
(6H). I ln\\'evl'r, 1hh llndtng h.ts nllt 
hccn dupl 1C,lll'd 111 , ll hn l,1hnr:t!llrtl's. 

Ph1,,1)hat1dvk·1 h.11 ll1l,111111w. t(1 1\htll1 
I I J>y/ori ,tdhcrcs, ;il ,n ,L'l'\ L', a, .t rl'CL'plnr 
f;1r h1n,lin[! nl L·,,1e11:; me S L',prL'"ed h; 
Ps!'t1do1tHll1C1., cwrnginr,.rn (69). 11 J>ylon 
expre"c' :1 , irn,J.,r ,, n itein, rdcrrcd '" ;1, 
cxo 11 , which ma> ,er\'L' ;i, ;i I 1gand for 
;irrnchmcnL lli l his 11rg:111 tsm Lu lipid re
ceptor, ( 'it{). T here 1, llllc' ,u 1dy I\ h1ch 
dc·,nihed the 1dc1111Ctu11 i,m, , Inning dnd 
seqt 1c1K i ng, 11 a gen,· enc, xl111g I, ir ,t n, ,n

l imhrial M1ti:1CL'-L'' i'l\>'L'd fihrtll ;ir pn11e111 
llll I hl' sud;icc , 11 h;iuerm ll'h1d1 111.ty 
function :1' an adhe,1n (70). (.)1h,·r ,tud
lL'S ,ugj.!L'Sl tl1:ll l he lll'l',ISl' L'll:y111e might 
111n,luh11e I I /ry/ori ;1dlw,io11 ur sl'rl'e ;i, ,l 

haLLerial l1g;ind (7 1). Fl.ij.!cl l;i .trc• de
scrihcd c1, adhc·s ins f,ir cln,el; reL11cd 
cntcril c;1mpyluh:1c1ers (72). There
fore. 1 he plllen I i;tl role of !lagel l:1 ,is 

hi 11.I Ing j)I\ ll L' tns fur I I d,co'1acter speu es 
,h,,uld he in ve,1 igared further. 

For uther gaMruente rn.: pat hngen,, 
surface h ydrophohici ty play, ;i rllle in 
the initial e,tahlbhment (ifcrnnact hc-

1 ween the hau..:ria and muclls:11 , ur
faccs ( n ). St lKlil's eval11:1t 111g l he 
M1 rfacc hydrn1)hnh1Lit y propcn ics llf 11 
/1:,ilori have yielded vnry 1ng re,u lt, 
(74,75). T hese difference, may he ;ic
cu11111 cd fiir hy the USL' of difforenl h.tc-

N7 
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TABLE 1 
Immune responses of the host to Helicobacter pylori infection 

Bcell 

r cell 

Macrophage 

Epithelial cells 

Increases in lgG. lgA, lgM 

Increases in IL-1. IL-2. IL-2 receptor 

Increases in TNF-a , IL-8 

Expression of MHC class II antigens. increases in IP3, IL-8 
Polymorphonucleor leukocytes Possible effect on nitrate production 

lg lmmunoglobulin IL Interleukin.· IP Inositol Iris-phosphate MHC Mo1or h1stocompotlb1lity complex 
TNF Tumour necrosis fac tor 

IL'ri,ll ,1 r.11m .ind ,·.1ri,1hk growl h lllll· 
dlliom. It 1, al,,1 1'lJ"1hll' tha1 ,pcc1fiL 
hvdniphohiL d, 1m.1i 11,, whid1 h,1\'l' 111,1 
\'L'l hl'c'll 1dl.'nl 1f11.:d. llll'cli.111.' 1nit 1a l ,1d
hc,1< ,n pf tlw orga111 , m, lll g:1,1 I'll L'J 'I · 
thdi;Ji smf.l l'l'\ (7'i). 
Toxin produc:t ion by H />ylo ri: lncuh.1 -
l1<ll1 \ll h\lth I I /l\'/on .ind cd l-frL·,· '- 111 -
llll'L' \ll l'L'l'l1 ,ll ,ll)h rc,uli 111 C)' ltl)),ilhlL 
dkLts 111 :1 , ·.1 rict\ ol 1.:uk:1ryu11c CL· II , 
gr,111·n in t1',tll.' ud1 url' (76). It w:i, rl'
l'<>ricd th:n 1hc,c cyt\lp:nhiL ch,mgc, 
u111 ld ,11111,I> rL·latl' l\l tlw J'lllL'l11 urL',hl.' 
,Kti\'ll y ol 11 />\'/ori (77). C H1\L'N:h, 
llhll'l' rL'Ll'lll ,tudiL'' ,uggc,t th,11 t hl'l'L' i, 
,1 d1s[ll)<..'l l\'l\ll\lX ll1 L'X!'fl'"L'd h) 11 /n• 
/ori ,t ralll\ th,il indULL'' iurrnatl\ll1 of 
,llll, 1pha.!.!< ll) l ll l Y" N ,1 m·, ( 7 8). T hL· l'> -
1011,,111 ,1rnc1m.d ,uh11111t. \\'ith a 1110-
kud.ir m:i,, ol 8'i kl \1, h.1 , hccn 
1~unf1L',I .md ,L'quenLcd (79). T he t,1x1n 
1, L'Xprc'"L''-1 during infL'CI 1,m in , i," 
hl'L.tu,c ,11) t1hud1 L·, to the t,1xin dL'\Tlop 
1n 11 (l\•/11n cnloni:cd ind1 \'1du,il , 
(8l\H I). In add 1t1(ln , onl' ,1 ud > rcpurl l·d 
1h.1t thcrl' i, .1 grc,11<.'r lrl'\Jlll'IK\' of 1dl'n
l Ii\'lll.l! 11 /)\•/on 1,ol.1tes pniduc mg l y

t11pa1 h1L dfc:cts 111 , ·1trn 111 indh 1d11:1 ls 
11·11 h J'l'J'l ll til ccrd1,ca,e uu11p:1rl'd \\' ith 
suhjl'Lh ll'llh g;1.,1n1 i, .1lonc• (82). Thi, 
p1-.l\·,1c,1t11 L' finding rl'qu1rc, c1inf1rm:1-
l i,l11 ,il othl'I' CL'ntrc ,. l,<l.l!l'l1ic mut,111b 
defiLicnl 1n l<l\111 l'fPclllLllun ,ll'c' rc
qu1rl'd 1,1 defim· m1,rL' 1)rl'ci,L'I> thl' n,k 
of 1,1x111' 111 11 /J)'/on-111dueL·,I g,1stn1<lull
den;d d1 ,l.':1,l's. 
Invasion of H />ylori: M, 1,1 h1,t(lp;11 hP
log1cd ,tudie, of inkued hu111;111s h:1,·L' 
11\ll prm 1dl'd L'\'idl'llll' ,it h,IC[L'rl,d Ill· 
, ·a,i11n 11110 tlw cy1,111l:1s111 llf ,urf,1CL' 
g;1,t l'IL l'l'llhl'i 1,il Lellq,r the un,b·l ying 
lllt l'Nllllllll . I lllll'L'\L'l'. I I /1-:i/ori h111d, I, > 
l'Xlr,1cL·llul.1r 111.ll llX l'l'lltl'in, in \ llrll 
(8 'I) :111d th l'l'l' .lrl' i" >l,lll.'d n.:pon, 1ck·n 
t il ying t he ,1rgani, m 11·i1hin the l:1111i11.1 
propna Ill gasll'IL' l'pithdium (84). rnl -

l,m·111,g 11 /1-:i/(Jri mku1,1n cit' 1 ulturcd 
l'l'll hd i:d cl'II ,, one group rep\l1-r, I h ,11 
rhe1T ,, ,111 111tl'rn.1l1:;1tiP11 Clf int:ilt, 
\'l,1hk 1n ga11 1,m, int,1 thL· q tu1,L1,111 
of th l' cukaryoLlL cell (H5). Whl' t hcr 
11 [r,/ori 1, 111 1L·rn,ili:ed hy ,g.i, tn l l'pi -
1 lwli,11 Cl'II, rl'qu1 rc, lll\'L'st 1g.11 ion. The 
rl'inallLL' uf tlw,e 111 ,·11n1 findin.l!, 1,1 
inlcu 1011 Ill vi\'o al,o must hl' ddined. 
(. Jl'lll's end 111g for l hi, ,, n 'l'L'l'I \ o l Int L'I'· 

n, ii i:,1 t Hin of the 11r.g. 111 i ,m, 111 t1 i susLL'J•· 
11hle c1,11heli,1 I cl'lb , hnukl hl· 
1,knt 1(1'-·d IP u mtinn thl-'l' i1111 i.d l:1hn
r,1t, iry , 1h,L'n·at11111 ,. 

Im mune rcs1x inscs of the host : L )u1 ing 
I I /1-:i/on mlcct Illn nf hum,t11s 1 here 1s the 
Lkvelllp111cn1 n l ,1 chrnn1 c-m:: 11ve g.istn
t1s (2. ,). In ennrra,t, 111 L'XJ'L' rimen t;il 
. 1111m,d modcb l he re b L·,·idl.'nce ,if 
ch nin1'- inil .1 mmatinn hut in 111,,,1 mod

L'is t hl'rl' " no l'\ i,knce lli an ,icute 
111fbm111.111>r1 re,pnnse (8). This ,ug

gcsh that ll1llst :mim .11 llhllk·I, d,1 11\ll 
1'n"·1dc :in ,1<..Clll'illl' rl'iku1lln llf the 
111lbm111:11ory rcsp,m,c, in inlcued hu
m.ms. Furthl'r ,IL'vclopment ;1nd dl'
t.1 il l',I ch.1ractni:;111Pn of 1110n: 
,1ppn1pri.1tL' animal 111udd, ,if I I [lylori 
111kll 1lln arl', ti1l·refore, mgcntly rl'· 
qu ired. 

/\, ,hu11·11 1n T:1hk I, during I I /1:·lori 
in k ct I\ln , if human, thcrl' i, <..·,·idl'IKL' 
,if 111fil trat1un 1111,1 1hi.: g,tstric q,lllw
l1um ,,I T l\'mphocvrl''• B cel l,, ,,l,1snrn 
cdl,, m:1cn1ph,1gl's and p11lymurphunu
lk.1r k·ukocyte, (86). Thl're 1, h,,th 111t-
111unclhl'>l\'chem1cal ,md 1111mun, 1,1,,a) 
L'\'ILkncL' uf 1nc rl'asl'd ic,TI, lif 1mn111-
nng[uhulin, Ci, Mand A pn,ducti,m in 
t hl' I, ll:tl ,g,"1 ri'- m icrocn\'lrrnrnw1n 
(H7). I l, i11L'l'l.'r, dc,pitc rhc 1·1g11niu, 
hurnur,tl and T cdl i111munl' rL',p1ll1,c, 
l here 1, Iii tk L'\'idcncl' t11 , u.l!g'-''l ,pont
,111L'<1u, cleari ng of tlw clrgnni'1ll ,>ncl' 
colun1:at 11 ll1 and .1dhl'sion tll g,hl ric 
111t1u 1<,;il surfaces k1, c dcn·I, l)'L'd. 

TABLE 2 
Proinflammatory products of Helico
bacter pylori 

Ureose 

Lipopolysocchoride 

I teat shock protein 

Platelet-activity factor 
Phospholipose A? 

Phospholipose C 
Cotolose 

The ga, trll 1' ct11'cd hy 11 /rv/on in
t'cct 11 Hl is.i,"K'i:lll'd ll'ilh till' indulll\lll 
,,( majur hi.,tou1111p,11 ihil1 1) u11111,Jc, 

(M l IC) cL1" 11 :11111gcn L'Xprc,,11ll1 011 
t Ill' ,u rf :ICL' memhr:mL' elf g,1'1 ric q 11-
1 hl'l i.il CL· II , (88). 1'11 1( ' cl:i" ll .111 11gc 11 
l'XJ'rl'S-.1011 al,() ()CLUI", in l'J'llhdi:il cdb 
m ,nhcr ;irca, n l 1hl' .l!,1,1rllintl',t inal 
1 rall ,lminl! dlUlL' and chn >lllL 1ntl .1 m
m.1ri,1n (89). Th ,, LlJu ld h,l\'L' i1n111H·
t.mt c11upathulugie;1I relc\':111L'e , 1nll' 
Ml I(. ' Li.N II mulcude, ;1rc 11wu l\'l'd 111 
the host 11H1cu,. il immune l'l''J'lll1'>L', In 
.1ddit ion. munne nHmudonal :m1 ihCld
rc, r.ii,ed ng,11m1 11 /w/r,ri '-ro"-rcacr 
wi1h ,mt igen, L'Xpu,L·d on the ,urf:1Le of 
mucus-)'rnduun,!.! cell, in thL· gn,tn1 
,mt rum ,if 111kucd indi\'1d11,1I, (00) . 
Cn1s,-rc:1u in .!.! an11hodil', ,Ire ,il ,n ,,rc
,cnt 111 the ,crum , if 11 /)'i/ori-rnkcted 
1m li,·1du,1b hu1 no t i11 un1niL'Lll'll u m
trols (9 [ ). 

11 /rv/on inkct Illll .1 1,o induL L'S 1111 il 
l mt iun nf hot h macruphagl', .111d 1w u
tru1,hil, 11110 th<.' g:1S1riL ntt1u1,.1. In 
\'llt'll L'\'Idence 111d1L,11c, 1h,11 tl1c,c ,,ro-
111fht111m<11my cL·l l, .lrL' :1Lti \'atl'd. hir 
example. M,1i L'l ,ti (02) , hm\'l'll 1h:11 
Lhcmilum1nL''CL'l1L'C ,11 hnth l1l1111(lL)'ll'S 
and ncutmphib 1s incrca,L'll. in .i du,e
dl'pl'ndcnt f.i,h1011, hy cl'll-frl'l' ud1url' 
, upem:nanh Clf I I />)·Ion. T hi, chcm ilu
minc,ccnc._e resp,m,e 1, ,1,gn1f1L ,111tl y re
ducL·d hy coincuh,11 i1ll1 tif the h:Ktl'rial 
,11pnn,1t.111ts ll'ith ,rntl-lll'L',t '><' ;1n1 ihod
l l'' (91). Th" ,11ggL·,1s th:11 tlw tll'L·,1,L· 
L'l1: ) me ,iiM, ach :1, :1 pmi nlh1111m:ttor> 
agent. A, slwll'n in T:1hlc 2, Clt hn h:1v 
tL-rial l'lln, t itu l'n1' which 1111ght 1111 11.11L' 
tlw pro111tl .rn1mat()r) c.:a,cidc incl ude 
hactern1I hl',11 ·shnLk J'rt Hein, (94,95 ), 
platelc1 ,tc t h ·:1ting f;1uur (W)), ph,1,
ph \ll1pa,c /\ (97), ph,"phulq,a~L' (. · 
(98), L,ll<1l.i.,c (99), .md lip1>poly\:1cch,1-
mk (Lr ~). LI '~ L'Xl r.H.:tcd :rnd J'Ul'lt'ied 



from I/ pv/ori h.i, ,1 ,truLIUr,il uitnp<l,i 
[lnn th:1t 1, di,t mct from ut hl'r ( irnm
negilt 1\'L' , irg.111 1, 1m ( I 00, IO I) .111d I, nv 

h1,lloi.:ic,1l .1c11,· i1v ckm,1n,rr;11ed ll'llh ;1 
s1and,ml l11nulw, ly,,1rc ,h,a)' ( 102, ll1~). 
lh1wc,·n. thl' h1<l l,1gic.d L'l·kct, lli° 
I I /1:,lori LPS lln th L' g,1, 1 m rn1 .. rne11\' i
ninml'11l and ,m ga,t riL q ,ithl'lial CL'i l, 
ma) differ frnm thc,l· in vitni ,1',,1y re
su lh. Young l't .d ( 52) ,hnwcd, lnr c, 
ampk, l h ,11 j'l'j"lllllf.!L'n n:k,lSL' I rum 
epithe lial cclb 1, ,1cti\', 11 nl 1,1 ;1 grl'.tlL'r 
Jcgn.'L' h\ L11S Lk-rh ed from / / /)y/ori 
than LPS L'Xlr.ictl'Li fnHn ,HhL·r (~ram

neg,lti\'l' h,1Ctcri.1. 
ThL· g,1,tric infl.1111m.11,,r\ rl',j'1111,c 

Ill 11 /J\•l<ffi 111il'c1ion result, in 1hL' re
lca,c of ;1 nu mhl'r I if q 111k 111L', ,ll1d I\ m
phuk i nl', including t u111,n1r IIL'Cn 1si, 
foctnr-alph.i, 1niL·rkuk111-l, 1111n
lcuki11-6 ,ll1,I 1n1c·rkuki11-H ( 104-10(1). 
Thi, prninth1111matl1r\ c,1,cadl' 11lt 1-
matcly rc,ulr, in thl' chn11111 -.ict11-c 111-
rl a111111;1 t i1111 that i, c h:1rnctni,t 1L nf 
I I />ylon-indun:d g;i,1r111 ,. A c1 11TL'11t 
work mg 11\ p<ltlw,1, ,,n 11,osl'd hy Bh,er 
(107) , uggl',t, tlwt h) induung 1h1, 
GlsC,lLk the: lll",[(,ll1ism deri\ L'S nutriL'lllS 
from thl' h"'' for C\1111 inucd uil, 111i:;1 -
tion ,md replic 11iun. 11 /rv/ori i11kct 11111 
:ibo induce, a ,ign,d 1r;111,duc 1111n rl'· 
sptllbC w1th111 L'p1t hL·li.d CL· lb. In ,1 l'rl' · 
limmary , tmly \\l' ,h,n1'L'd that 111<is1r,il 
tripho,phate kH·I, .1 rl' ek,·atcd in thl' 
cytmlll ,ll inil'ctL'd th,ul' Lll lturl' l'pi
thclial cdl, C'11llpml'd ll' it h cdl, gn,wn 
in thl' prcM'.11Cl' u t hl'tcrulng,it1, llrg, lll 
i,1rn. or wit hllut h,Kteri:1! 1nfL'll1un 
(4',). ThL' rei\sunh) \I hv thL·s,' infl.1111 -
mntory, immune .ind ,1g11:1I tr,1n,duc 
uon rc,p111bl', dti nut , uc..:L',,iull1 , le:1r 
11 /l)'lon ..:ulrn1i: .11 i, ll1 rl'qu1re, e:-.pl.m.1-
11011 hccmN' 11 u ,uld ,,n11·idc 111!1,rm:1· 
rion criuc.d to rhl' dn·dnpment llf 
novel ,tra tcg ie, ltl c11 hL'r l'l'l'\'L'llt ur 
erad icatl' 11 /)\'Ion 111fcct ll in . 

PATHOGENESIS OF H PYLORI
ASSOCIATED NONULCER 

DYSPEPSIA 
Curren t cviLknce d, ic, n, it , ul' I'' in 

an l'llopatlw,genic rnle fnr 11 />y/Pri in
fcct it1n ,is ;i c.iusc p( cl1n1 cal sy111pt n111s 
in thl' nhsl'ncc ut :1n1,·l' peptic ukcrn-
11,m ( 108). Mn,t , 111d1c, L',·ali 1mmg 

adu lts with nonulccr d1,l'L'J''i" dll nrn 
prnl'idc L'videnLL' lit .111111crea,L', I rate nf 

Pathogenesis of H pylori infection 

,----------------------- - --- --- -- -
IIEL!CODACTER PYLORI 

GASTRITIS - SMOK ING 

/ 

1-!YPERACIDITY 
- ~oma1osta11n J. 

GASTRIC :v!ETAPLASIA DUODENAL INFLAMMATION 

- gasnin i 

I GENETIC 
SUSCEPTIBILITY 

PEPTIC ULCERATION 

1nkll iPn co111 p:1rcd ll'llh uintnil, 
( I Cl<.)). At:L' -m,11, lwd c1111trllls .irL' L'ssen
t i,d in thl',l' l'j'iLkllli,il,>,l,!it,ll , t lllliL'S ;IS 
tlwrL' i, an agl'-dL·pt·n,k111 lllL rl',hc , ,I 
;1,1 111ptum,111L II /1\'/ori inkLt1<1n (I ll\ 
I I I ) . In ,ldLli t inn, Pill' , 111d1 dem'1n
,t ratL'd rh,11 rlw d1111c,il r,·,,,u1hl' f1,l
lull'111g dwr;q,, nadi c.11 ing I/ p,•/mi 1s 

111n ,ignitic.1mly hL·trer u Hllj'nrl'd ll'ith 
t hl' llM' ul pL1cchll ( I 12 ). 

I/ /l)'lori sl'n1p,is11 i, 11',, r.i tc, , llT nut 
higher 111 Lh ddrcn with lunct1 t11·1:d rL·
cu rrcnt ;1hdnm1 n,d p.1111 cnmp:ll'cd with 
1 lw prL·1·.d L'lll'e, if 1nkct Hin ,1111< mg al!l' -
111a1clwd u1nt ru l, ( I J 1, I 14 ). 0ur l!r<luJ' 
was unahk tll idl' nlll \ a ,,,l'u l1 L dirncal 
'\ 111pt, n11, , >r ,ympt, lm u i1111,k >-. in t hL· 
L'l',dt1,lli<1n Pl Lhild rl'n undl'rguing d1 -
;1gnust ic upper e nd, >sL·, ipy f, ir ,y1111,1 '11 11s 
, il'cl\' 'J'L']'sl:1. Int his ,111,lv t hcre ll'L'rl' n, i 
t,1ctm, t h,11 ckml1 ,e_grl' l!,lll'd 1ndi\'ldu
.ib 1, 1t h d,icumcntl'd / / /rv/ori in lL·ui"n 
lr<llll '\ mp1,1111,1t1L pat il'n b 11·11ho111 
hactl'ri,tl 011,mi::n i,m ,i i the .1111r11m 
(I JS). In , 11111111;1 r1, thl'rL· 1, l1L1ll' Lur
rcnt C\' ILkncc tn suggl'st 1h;11 111 lhL' 
,tl,scncl' of l'l'I'' ic t1lcl'r;111, lll / / /i-y/ori-
111d11ced .!.!:lstr11i, ts , l c: 111se lll dinirnl 
S\'111j'l< 1111s. 

H PYLORI-ASSOCIATED 
PEPTIC ULCER DISEASE 

Epide111iol<1gical ,111dil's ident 1fy .i 

,tr, 1ng asst >L 1.111< in hct ll'l'l'll t lw pre,
L' ncc ,11 / / />y/ori lllfl'llilll1 in thL' ,111[1'\1111 
.md dt1,lLknal uk L'r d1'L'.lsl' (9). T he 
L'p1dl'mi'1logiu1I ;1~sllLi,1 t illn tif 11 J>-ylori 
1nfl'ct illt1 with gastric ulcl'r is le,, cer
t.iin. T he mn,t c, m\'i 11Li l1!.! l'\'isknLL' 
dt'lllllll,trming that // py/Pri cuhm i:a-

t 1nn ,it the ,llllrll lll 1, L,lUs. ilh rd.1tL·d l<I 
j'l' j'l iL ulcl'r disL',1,e .ll'L' ,tudiL'' \\hiLh 
,hn\\ th.it the rd.ip,e r.iLL' I, llln11 ing 
l1l',d1 11g uf l'l'j'l k ulc L·r, i, dr:1111;111L:dl) 
.d t l'rl'd hy n,1d 1L·,1t 111g / I /)'i'/on 1111L..-11, 111 
( 116). The ,'k1"11 <>Ill' \'l',11' rL'tlllTL'IKl' 
r.11 c I, ir l'L'i'l IL u k er, lull, i11·1 ng st a11d.1rd 
uln·r-hc:il111g thl'r,q,, 1, rl'dllLL'd 1,11111 -
dcr Zl)"" f11r h,1th du11den.d uln·r, ;111,I 
g,1, 1 riL 1d tl'r, ( I 17). rhL',l' , 1 udil', ,,ro

\ idc uiml'L'lling L'\ 1dcntL', thcrcf"rl', 
th,11 I I /i'llon 111kct1,i111, 111del'd rd.itl'd 
111 g:1stn1duudcn:tl ulcer d1,e.1,L'. In .1 
rl'LL'l11 l'\cellent l I'll IL ,d l'L'l' iL'\\ , ,f I hL' 
potent i.d n1le "f / I p,,/ori 111 l'l' l' lll ul 
CL' Lll lllll , tvfp,, ,m,I ( 'al.1111 ( 11 8) 111<!1 -

C,llL' t h.11 '', di hut tlw 111"'' pn,·L·r,e n, m 
ilClL'j'l the .i huml.111 1 e\' idl'llll' th:1l 
11 l>'llori ,,l.iy, ;111 11111,nrt:1111 role 111 rl' 
l.1p,L' ol du"dcn,11 u lcer d1,L·,1,e" ,i nd 
1h.11 "huth mmketin.L! ,md ,Licnt ilk 
LU l'lml t ',, c,dl l, ir ,1 ud1 L'' 1,1 ,ktl' nlllll L' 
h,111 I/ /l:-·/rm ,lol',, nr 111 111\l, t 1n,l1,·1,l11 -
,il, d, K., llllt, c;iu,L' pl'pt ic 11kcr,". 

It must hl' l'lllj)h .1, 1:L'd, hllll'l'\'l'l', 
1h;11 11 /l'l/or, 111 kct1<ll1 due, lllll f11lnl 
l',Kh llf KtKh\ l'O~t 11i ,1tl', .i, :1 c w,l' u( 

J'L'pt IC ulcl'r d1 ,l',ISL'. lnkctl'd h11111;111 
\'lllunll'l'I'' dl'\'l'lop clm mtt -ac t i\'L' ga,-
1 rit is h111 n,>1 Pl'!'lit uk l' r,1t inn (5,6). 
Si111ilarl y, du<ldl'na l 1dcer, h,11·e ntH 
hcen de,crihed in iill' \';lrlrn is ,111i ma l 
models ti!" hc licoh.icter infecti,m (7). 
NL'\'erthl'IL'ss, tlw ,1Cc11111ul.111ng ,md 
<.:01111,dl ing L'\·1dcncc that enidi1 :1tinn 
,if 11 p-ylori inkct1,ll1 results 111 .i ch.ingc 
in the na111ral h1,1or~ o l rl'<.1 11-rcnc1· ul 
J1L'Pl ic ulcc rat ion ra1,c·, LjllL'sl iu1b l'l' 
garding thl' c l ll1p,1thtigL·ne,is o f h.ictl'
ri :11 inkLt1<ln 111 the ,1,,m,1d1 ;111d 
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IIELICOBACTER PYLORI 
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CIIRONIC-ACTIVE GASTRITIS 

I ~ \ 
:\TROPI IIC GASTRITIS INTESTINAL METAPLASIA \JITROSAMINES 

' ~ / GASTRIC CANCER 

COFACTORS 

•environmcnml 

•hos1 genetic suscep1ibili1y 

Figure >) l'm\/h/c· [1,u/111•<1v1 /,~ lt Im·/, ,lmm1r I kl1u 1h.1L tcr pvl, HI m{<!cti,m rl'\ltlt1 in ,t::<1,mc rnnc<?r, 

a,,oc1;ned 11eptic ulcer d,,ea,e. Pu,,ihle 
Tlll'chanhlll, f, ,r I I /1y/ori-111duced ulcer
ugL·ncw, (figure Z) ;1 re c11n,idered he
illll'. 

Ga,trin: Le\'y el al ( 11 9) reported 1h:11 
me.tl -,1i n1ul.1ted g:i:,trin kvel, me L'le
' ;\ll'd in pat il'nh wi1 h I I /rylnri infect i, H1 
and dtulckn,tl ulcer d1,e;1.,..::. Th,, e\ag
.!.!eL11ed pP,tprandi;d f.!,1',t rtn re,pon,e, 
rL·L1tL·d primarily tll g:1.,tr111-l 7 ( 120), i, 
reduced t()\\';ird, norm:tl fo llo\\'ing 
L'rad1c.1t1lln ol I I J>ylori 1nkct iun ( 12 1 ). 
An exag_!.!L'rared rL·,p, m,e lnl loll'ing 
111..::,11, i, also ident ified ;1111ong pat 1ent, 
with I I pvlori 1111L'c1 ion 111 Ii1l' ahscnce 
nf ;111 ukc, di.ithL·,i, ( 122). Ir ha, he..::n 
sugge,tL·d, rherefore, th,11 I I [rylori colo
ni::11 i,m ,if the ,111trum, ,md a,,ocimed 
hacten,tl ur..::;1,e :1uh·1t~. re,ulr, 111 a 1,,
c, ti IV 111;q1pr, ,prim l.: de, ; It inn on u 111 i nal 
pl l ( 12 ~ ). Ci,1,tric (.J cdb sL'l1sl' that 
there i, Iuo li1 tl e ;1e id in t he gast ric 
l11men and t lwreh\' produce i l1l rea,L'd 
.111111u11r, ,if gas1rin 111 response t,1 a 
111L'al. lncre;1sed !.!a,t r111 u1ukl then rL'
sul1 in 11n,tpr:ind1;tl l'\LL's,L's ul :1c1cl 
and J1l'l''i1111gcn dl'l1\'erl',I int,1 1h L· 
f1r,1 p:1rt nf the duudcnum ;111d 
dwrehy 111duce peptic 11 kernr1Pn in 
thl' suscept ihlc 1nd 1\'1dual. Tlw, ;11-

rr:1cr1,·c h ypnthl's1,. l1<11Vl'\'i.'r, ha, not 
heen cunfirmed since nth er in\'cstiga-
1or, h,1\'L' heen unahk Ill document :i 

cnnsistent incrl',he in p,1s1prnndial 

·tOO 

gastnn (124,125) nr ,pecific mRNA 
( I 26) levels. 
Somatostatin: l Jther i11ves1 igatnn, sug
/.!l'st that thl· p,1srprnmlial excess in ,1cid 
produn irn1 (ollnwing I I pylori 1nlcct1un 
111 ,1y nor he rdnt ed tl, cxcessi \'l' amt ,unts 
of g.1srnn, hut n1ther due tu decreased 
,1111ounrs of ,,1m;11n,1 ,11111 ( 127, 12K). 
Rccen1 st ud1e, ,uggl'st rhm the amuun1 
of ,1wLitk me,senger RNA l11r ,nnunn
, 1,11 in ,111d s\>1l1.1t,1st:111n 11roduc1 t r,111s
l.11c,I hy l), l'lls in the st,1mach ml' huth 
reduced in ind1\'1duab wit h 11 /iy/cm in
fc.cri\ln. MotT\l\'l'r, ,l11nmos1:nin 1ran
,cnp11on and t ran,l,1t1lll1 pmduct, 
111C1-easl' fnll,,w1 ng erad,cauon ,,1 / I [>y
lon 111fl'c1H1n ( 126). Smee s\ltn,llostati n 
release 1, ll1\'\1h-ecl in the cnntnil o l acid 
prnduninn ( 129, I 30), change, 1Kcur
ring \\'1 1h hacreria l coloni ::1rirn1 nf thL' 
an1rum could re,ult 1n excess delivery of 
acid inw rhc dundenum ,ind rlwrehy 
pn ,mute ulcnogenesb in , usccpt ihle 
111d I\ idua b. 
Mctaplasia: A n altcnwtc L'xpl.111.11 inn 
lor I I />ylori-induced du,,denal ulcer i, 
that rhc organism colnni: e, infbmed 
muclNt in rhc dundenum. Wyatt er nl 
(I~ I ) ,hoWl'd that mernplns1a is mllre 
frequenl aml1ng indh·iduab wi th 11 Jr,
luri infl'ctinn and thnt dumlen:tl 1ilcers 
frequen1 ly occur in rhe du,Kknum im-
111ediarel} adjacent t,1 the fpci of g,1<,1 r,c 
111L"1aplasi,1. We have rcp,,rrcd similar 

find ings in d1ildren w1th I/ p,•lon 1111cc 
t I\111 ( I H). The frequency 0(111L'\;1plas1;1 
111 the fi,-., t 11m1 of the duodcn11111 11·as 
, 1gnif1 c.111rlv highe r in I I pvlori-1111l'ucd 
Lhilclrl·n Llllllpared 1111 1 h :1,ge-111.11 clwd 
s11hjel lS with g,i-tritis due tll catN', 
< ll her I h.111 I I IJy/ori in f'cc1 ion lit among 
pa1icn ts \1·11ho11 J gastn ti~. 
Duodcnitis: Whl·t her metapl:1,1a in I he 
du,1denum 1, .1 n sk fac tor f~1r dtu Kkn:tl 
ulcern tHin 1, nu1 entirely lkar hec.n1,L' 
it is nlsll ,is,oc1:11ed w11 h an ;1l I i\'e dull
dl'n it i, ( I , 1- 11, ). Duoden.tl milamm,1 -
1 illll b alM1 111llrc (rl'quent amung ind1-
,·idu; ,ls wllh 11 /rvlon inklll\111 ,,I 1he 
ant rum comp;1red 11•1th 111dl\·iduals wi th 
,L'crn1da1')- u 1u,l's of g:1, tnt1 , llr among 
, uhjects wnhout l'vidence ,11 ga.,trll" 
( I ,2). L,111gsta11din_g nHtclls,11 inl1 :1111-
1rn11inn m;,y predi,p,1,l' Iill' du,,denum 
10 ,tCt ivl' em,ll>n, and 11 lc.:ern1 i, 1ns in 
suscep1ihk 1ndividu;tls. Rele:1se uf thL· 
hricteri,11 proi11ll.unm,11nry pn,ducts 
11,ted 1n Tahk 2 into the du,>denu111 
u1uld abn induCl' prllmilamm:nury n.:
sp,mses in 1he 11mxim:1 l , 111,1 11 h()wel. 
Cofactors: Add i, i,l11al risk f.1u ur, sucl1 
as smoking and red11led luc,,I l yt11pro
ll'Ct in· effect,, i1Klud111g reduLed 111u
u1sal h1carh 1na1 e prndtll t llln 111 t ll L' I 1r,1 
pan ll( thl' duodenum ( I 34). .ire also 
l1 kdy 1,1 hL' invulved in d1.:1crm111111g 
which 111div1d11:tl, wi ll ,k·vd,,p J1L'ptic 
ukL'rat ion. ( ~l'nl't iL ,thLepuhilll ~ .md 
e1w1n,11mcn1;tl rt sk f.1ctlm,, such ;1s 

s111\lk111,g, may 11li 1111:nely de1e1·11111w 
which i11d 1v1du.ib :11nong the l.1r.£:l' 
numher ol suhjects with 11 /rv/ori infcv 
ti,m ultimately will dL'\Tlop J'l'ptic ul 
cer,. It , hould he cmph,bi:ed, h, nve, er. 
that sm,,king 1, ,1 rb k fonor In, ulcer:1-
uon unly in the presence ()I I I J>ylori 
111feuio11 ( I ,5). The rtsk ,,f reu11'J'e111 
ulcerntiun wit h continued ahtN' t1I to
hacco ,., evident on l~ amon_g suhwct, 111 
wh,lln thL' assoua1ed 11 J>:,•lori inkct i,111 
i, n,1t succe,,full y erndica1 cd ( I ~5. 1 36). 

In , umm,iry, wi th 1he e\'idence c11r
r1.:ntly arn d;ihle n :ippem, 1h:11 11 />)1/un 
infecuun in the .1111rum 1s 111deed re
lated to pep1 Il ulcer di,ease. Whe1 her 
111creases 111 pnstprandi:il .£:aMnn , ,le
crease, 111 n1t1Lo'-tl .... 1m,nn,t:1t in 11rn
ducti,m, g.1s1 ric 111e1apla,i;1 111 1hc 
dlll,denum, 11r d1nmic duudena l 111-
il:im111atil1n .i re pri mari ly responsihll' 
fi1r ulcerngcnl's1, requ ires l11rthe rev;1[11-
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,11inn. An .1nim.1l 111<>dt:I 1>i lwlic<>b,1ucr 
mft:ct ll m In ll'h IL h I hen: i:, l'L'J'l"l ,duL ihlt: 
in,lucti11n ,>I duodl.'nal ukn, 111Hild 
gn.:,1tly lauliwtt: I h1, a1·L·nut: ,11 1m c•,11 -
ga1io11. 

H PYLORI AND 
GASTRIC CARCINOMA 

Epickmiul,,,gicil ,t udic·, h,l\'L' 1.k
scrihed .111 ,lsM>Lidt1t1n ht:tll'et:11 I I 1>-:ilun 
infect 1011 and tlw dt:1 c·l,,pn1ent l lf .1 , .1-
riet y of I ypc·, pf ga,t 1x c;1ncn ( 117-
139). i-\lth,,ugh eJ'tdL·111iolng1c.d ,tu,1 -
il;s only idl'ntify an ,i-,uu,11t\ln .md du 
nllt ddml' L,tUM: and L'IIL'n, t hL'\ ,ugge.,t 
rhnt lo11gst,111d1ng 11 (l)·lori inlL'ct tun, 
pmticul.1rly ii acqu1r1.•1.I ,!ming the· 
childho,1,I ye;1rs ( 140). i, .111 ,·m inm 
mental ri,k lact<>r lur the dl'\'elllpll1L·n1 
nf g,Nric c.in:inu1na. II u1nfirn1ed, re
moving thi, ri,k l,1l.·tur u,uld drnmat 1-
c,11ly al ter the s1g11ific:lllt 111urh1d11 \ ,llld 
morwlitv .issucLllL'd 11i1h tl1L' 1.k-1·l' l,>J'· 
ment olgdstriL C.ll1l.t:rs ( I 39). 

The quc,t i, 111 "f hu11 lu11g,1,11hl i 11 ,g 
If /1ylori infecriun ultim.itt:I\ result, in 
carcirn,genL·s1s 1, nPt 1vell under,1l>< 11.I. 
As ,umm,1ri:ed in Fi.!.!Ul"l' 1, 1t h.1, heL'l1 
proposed Ihm lung,t ,mdmg 1nil.111111rn
t1nn in the ,trnn,1ch induce, .itrnphy in 
tlw antrum ;111d 1n1c,1 inal nw1 :11,b,i;1 in 
the hndy of tl11.' st,1111:ich; h111h l'\'l'nt, 
are rc.:puned tli prcce,k· g.i,tric c. 111cer 
(141,142). A l'l'C L'lH srud\ c1·,du,111ng 
colllnic carcmu111,1 shu11·L·d I hat nit rnte 
productH1n h1 1w111rnphils infdtra11ng 
inw the lornl 111t1u1s,1' cnl'irunment 1, ,1 
porcmi.il risk (;ic1m fur carcinl1gL·ne,i, 
( 1-+3). SinLL' nt:11t!'l1ph1ltc infiltr,llil>n i, 
a histopathulug1c.1l !"t:aturl' uf drnmic
act11·l' ga,trith 111 h11m.111' with I I /1)•/on 
111fect1on, It i-, llf clln,1dl'nihle 111LL'rl',t 
w noll' deter111ine ll'lwth,_.r neutrllphil, 
dcm·l'd frum ga,tnL q1ithe l1um ;ire .d,u 
c:1pahle llf furn1ing prncilrL in,1gL't1ic 
,\gent, ,uch a, nitrnt t:,. In ;iddninn. tlw 
urease HCLl\'ity u( I I /J)'lori may ,1',l1 he a 
focrur in pnimoting ga,trk m:ilignanq 
( 1-+4 ). 

CONCLUSIONS 
There ha~ hel'n a r;1p1d e)q1lrn,i, m , ,f 

information ,1hllul thL· l'iruktKL' pru11-
ertics \1( l I /1:-•lori since rhc ini11:d cu l
lltrl' and idcntificn1on lll th 1, org;1111,m 
hy Mar,h:1ll and Warren sumc 10 ye,1r, 
,1go. H,1wevl·r. :1, ,hl 111 n 111 T.ihk ~. 

Ct\N J l, \'-lRl 11 ~Tl Rl )[ \ 'l )[ 7 Nl ) ) I l I \ J l)l) ~ 

1 lwre ren1,1111 .i ,L·n,·, llf imp()rt:111l u11 -
;111,1\'L'rnl quL·,t i1>11'. ThL·,e iiKludc ,111 
undL' N ,111ding ul the rem:1rkahle 11,.,uL' 
1r<lpi,m, the n:11-r,111 hust r;mge <1n,l thc 

111:1rkL·d /.:l't1l'tlL hetL'n>gem·ity ul 11 /rv 
Inn (145,146) . 

A, ,11mm,1 ri :L·d in Tahk· 4. tn hl'ttL'I 
unckr,tand thl' l'irulenn· pn>pntie, lli 
I I (l,•luri it 1, 1111purtant Ill now dL'tL' r-
1111nL' ll'het her thcre a re add1t1l1n;d 1'1111 · 
knLL' (actur, e,prt:,sed hy the or.g,1111,111 
1n1'l>h·ed in tht: induction lit' d1ru n1c
;1L1 il'L' ga,tnt1,, duodcn.11 ulcn,llion 
:m,I g,1,tric carcinnm;i. Thl' rdat il'c i111-
J1llrt:mLL' Ill the l'irukncl' factor, ident 1-
hed w datl', and ,ummari :l·d in thi, 
l"l.'l'i l'II', requirt·, (urthL'I' e1alu,1tH>n. 
ThL· d1,,L·c1 tl>t1 111 rhc rl'l:111,·L· 11np<1r-
1:1nLL' ,11 11 /1,•/r,r, , ·mdt:nLl' dt•tcrm1-
n;1111, ult1111 ,nt:l1 11111 ht· 11n1.kn,1ken hy 
1111pn11111,g ,111r undL·r,tandmg <>I tlw gt: 

netic h.i,i, .111d .t.:l'n,·tic L<•n11,ll <•f th,· 
1·1 ruknLc J'n>pnl tl'' <if H /rvlon. Tlw 
1de111 lik:11 i,>11, d<m111g .1111.I 'L'LJUL't1L1ng 
,>I .1dd11 1lln,d _gl'nL·, 11·irhin tlw I l tr..luri 
,!.!l'I H>llll' :rnd .i ,ktnmin:llllll1 nl thl>sl' 
gl't1l's Clll1trihutin,g ru rhe 11r11kncl' Ill 
tht· org,111i,111 Hrl' requ irL'll. Succ,·,,ful 
idc111ilicatiun ;md .,l'q11L't1L1ng 11l 11rL·.i,e 
gene, in 11 pvlun :111d I he creat1lln lli 
1,( l,!_!L'11ic 111llt.1111, 111diulll' I h:it I hL· gc-
11L'l1Cs llf 11 />-:ilori 111feL l ll ll1 wtl I hl· il 

r:1pidl\' :1,h-,111cing field \)r 111\'l',ti.~atin n 
l ll'l'I' d1.: nt:xt ,e, era! years. 

Sincl' 11<1rmal immune .md inllnm-
111.n,11·\ rl',plllhc, nrl' 11<>1 ,uffic1L'nl IP 
t·n:1hlt: MICtl·,,ful ck:mng \ll thh 111IL'L-
1111n 1H1CL' 11 h .1s cn l<>nt:L·d thl' antrum, 
thl' hllst r1.·,,,,1nsc•, t<> h.1ctt:ri;1I 111il'L
t1<111 a l,o art: ,1 J' rtl>rlt\ ,11'1.',\ uf 1·uturl' 
1n1·e,t i,g,ll illll. An t:,, ,,lan.n 1< >n , 11 t hl' 

Lick 11f dkui1 L' hacteri:il cle:1ring 
C\lllld pr!l\'idt: il11J'\ll'ldl11 11\stghh 1111\l 
undcr,tand1ng the [',1th11genL''" 111 th1, 
h:Ktt•n;d di,L'<l'l'. In addirion, nn,·el 
1 ht:r.ipe11t IL l lJ'llun, lllil\ heu>me t:1·1-
,knt. h1r L'Xampk. the dc1·el,1pmL·n1 <>I 
1·acunc, tu prevent hnth reu11Te11ee ut 
I I /))'l"n infect i,111 .unung ,ucu:-.sfully 
trt:ated incli1 iduals and high n,k u11in 
lt:cted ,,opu Im iom ,hou Id hecoml' pu,
si hlc w1rh :111 1mpnwed undershmding 
of the et 111p,1thngenc.,is of disea,e . II 
h.1L·tcri,d adl1L·,illn 1, .1 n esscnual 1·m1 -
k11Ll' ,,re. lJ'L'rt y, 1 hl'n 1.ld 111 ing the ,tdhe
,i n, ,1r adhe,in,, Cllu ld rc,ult in the 

dc1eh,pment ,if cfll'ct11'l' (':l"l\'l' ,tnd 

Pathogenesis of H pylori infection 

TABLE 3 
Pathogenesis of Helicobacter pylori 
infection: Unanswered questions 

Environmental reservoir(s) 

I issue tropism 

Narrow host range 

Strain variat ion 

Relative importance of 'known· 
virulence factors 

TABLE 4 
Virulence properties of Helicobacter 
pylori: Future directions 

Genetic understanding of virulence 

Identification o f virulence genes 

lsogenic deletion of virulence genes 

Host immune responses to infecl1on 

Host inflammatory response lo 1nfect1on 

Arnmol models of infection with peptic 
ulceration 

Progression to malignancy 

Vaccine development 

,1< .. 111T , .lllllll' L, 111did:11 e,. Sud1 l>Jl· 
t i, >11s ;1 rl' a,·.i i L,hk 11 ,r l'lll L'l"IL I nkL 11, ,n, 
111 , l<•me,1ic:11 nl :m1m:il , ( 147) ,llld .lrl' 
111 :1 r:11,1d t' h:hl' o l ,kH·lo1,111L·n1 fu t 
L'llll'l"IL h,K ll'rtal 1nln 11u11, 111 lnlll1n11, 
( 14~) . 

ReLL'lll repun, 111d1Lilte 1h;11 11 11 il l 
he plls,ihlc tu dL'l'L• l,i1, nm·el 1 ,11..Linl', 
I, >r J'l"l'\'l'l1111\g 11 /i-:i/nri 111kLtH ,n ( 149). 
St udil', w d.11,· h.1,·L· l'1111,luyed . 111 .1111-
m:d 111<1de l 1n,h,1w th,11. 111 u>nJUlll lt<Hl 
111th ,m,1l l d,,..,1..·,,ifLhl>ler:i t11x111 ,1.!tll'll 
:IS :ldJU \ ,111t ( 15()) , ,111 l'ifL-LI l\'l' illll11ll lll' 
rc,,,!lnsc· 1. k-1·l' lup, \\''11th prl'\L'l11'> h:1v 
1cr1:d u1l,1n1:;111<>n during ,uhSL'LJlll'nt 
, H·,il ch.illcngc ( t ~I, 152 ). The,e 11111 ial 
i'inding, h<>ld out J' r<1111i ,L· that s:1fe and 
L'iicL 11 ,·t: ,·,ice i nl', Ii ,r u,l.' 1 n I ht· J'rL' \ en
t ll 111 ol gast rnduuden,11 d ISL'<l'>l.', ll'd I hL'· 
u1111e ;11·.ii l.1 h le 111 the lutu l'L' li,r 
t hl'l"il j'ellllC ,lppl ICill ltllh in ht1111;1n,. 
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