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In industrialized countries, the rate of acquisitad H. pylori has decreased substantially over
recent decades. Therefotfee continuous increase in the prevalencd.gylori withage is

due mostly to a cohort effect, reflecting more mstgransmission at the time when members
of earlier birth cohorta/ere childrer?. Mathematical modeling of prevalence trendthin

United States has indicated that markedly impraaedtationin the second half of the 19th
century greatly reducdd. pylori transmission, initiating a decline kh pylori infection that

will ultimately lead to its elimination from the 8. populatiort> However, without
intervention H. pylori is predicted to remaendemic in the United States for at least another
century™

Humans can also become infected it cobacter heilmannii, a spiral bacterium found in
dogs, cats, pigs, and nonhuman primat@he prevalence in humans is approximately 0.5
percentH. heilmannii causes only mild gastritis in most cases, butstlheen founth
association with mucosa-associated lymphoid-tigst&LT) lymphomat2

Pathogenesis

The gastric mucosa is well protected against battefectionsH. pylori is highly adapted to
this ecologic niche, with a uniqaeray of features that permit entry into the mucus,
swimmingand spatial orientation in the mucus, attachmempithelialcells, evasion of the
immune response, and, as a result, persistdonization and transmission.

TheH. pylori genome (1.65 million bp) codes for about 1pe@teins>* Among the most
remarkable findings of twbl. pylori genome-sequencing projects were the discovery of a
largefamily of 32 related outer-membrane proteins (Hoggins)that includes most known
H. pylori adhesins and the discovefymany genes that can be switched on and off by
slipped-strandnispairing-mediated mutagenesis. Proteins encogetith phase-variable
genes include enzymes that modify the antigenucgire ofsurface molecules, control the
entry of foreign DNA into theacteria, and influence bacterial motility. The g ofH.
pylori changes continuously during chronic colonizatibarandividual host by importing
small pieces of foreign DNA frommtherH. pylori strains during persistent or transient mixed
infectionst>%°

After being ingested, the bacteria have to evadé#ttericidahctivity of the gastric luminal
contents and enter the mucdaner. Urease production and motility are essefiathisfirst
step of infection. Urease hydrolyzes urea into gathoxide and ammonia, thereby
permittingH. pylori to survivein an acidic miliett” The enzyme activity is regulated by a
unique pH-gated urea channel, Urel, that is opéovapH andshuts down the influx of urea
under neutral condition’§.Motility is essential for colonization, attl pylori flagella have
adaptedo the gastric nich&

H. pylori can bind tightly to epithelial cells by multipledterial-surfaceomponent$? The
best-characterized adhesin, BabA, is a 7&#ui@r-membrane protein that binds to the
fucosylated Lewis Blood-group antigeft Several other members of the Hop profainily
also mediate adhesion to epithelial cells. Accutmdgevidence in animal models suggests
that adhesion, particularby BabA, is relevant ii. pylori-associated dise#S$end may
influence disease severity, although the resultewéraktudies are contradictory.

The majority ofH. pylori strains express the 95-kD vacuolatiytptoxin VacA, a secreted
exotoxin? The toxin inserts itselfto the epithelial-cell membrane and forms a hestéen
anion-selectiveyoltage-dependent chanfigthrough which bicarbonate and orgaaiions



can be released possibly providing the bacterium witlutrients. VacA is also targeted to the
mitochondrial membran@here it causes release of cytochranmaad induces apoptoss.

The pathogenic role of the toxin is still debatédcA-negativanutants can colonize in
animal models, and strains with inactixgeA genes have been isolated from patients,
indicating that/acA is not essential for colonization. However c¥anegativenutants were
outcompeted by wild-type bacteria in a mouse mauidicating that VacA increases bacterial
fitness in this modef® The analysis of the role of VacA in disease is clicafed byextensive
variability invacA. In Western countries, certaiacA gene variants are associated with more
severe diseas€However, similar associations have not been fonntsia, andhe

functional basis underlying these associationsiigawn.

Most strains oH. pylori possess theag pathogenicity islanftag-PAl), a 37-kb genomic
fragment containing 29 gendsidure 1.2 Several of these encode components of a predicted
typelV secretion apparatus that translocates the 12@+BeinCagA into the host ceff*:

After entering the epitheliagkell, CagA is phosphorylated and binds to SHP-8siyre
phosphatas& leading to a growth factorlike cellular responed@ytokine production by

the host cell.

Figure 1. Thecag Pathogenicity Island.

~== o MostH. pylori strains that cause disease (so-called type hsirai
~= - contain thecag pathogenicity island, a chromosomal region with
—— about 37,000 bp and 29 genes, whose location isatedi by the
View larger version arrows. The figure shows the arrangement of genesain
(37K): 26695, whose genome sequence was the first toliisiped
[in this window] The island is split into two parts in some straMsst of thecag
[in a new window] genes are probably involved in the assembly ofeseny
machinery that translocates the protein CagA inéodytoplasm
of gastric epithelial cells. Five genes (markedrange) are
similar to components of the type IV secretion eysof the plant
pathogerAgrobacterium tumefaciens (Vir proteins). Proteins
encoded by the island are involved in two majorcpsses, the
induction of interleukin-8 production by gastridtbelial cells
and the translocation of CagA from the bacteriuta the host
cell. All genes depicted by solid arrows are esakfdr the
induction of interleukin-8; hatched arrows indicgenes not
involved in this process. The arrows outlined inebindicate
genes required for translocation of CagA; orangediindicate
genes not essential for translocatfon.

Host Response to H. pylori

H. pylori causes continuous gastric inflammation in virall infected person®’ This
inflammatory response initialljonsists of the recruitment of neutrophils, follaWey T and

B lymphocytes, plasma cells, and macrophages, alithgepithelial-celdamagé” SinceH.
pylori rarely, if ever, invades the gastmticosa, the host response is triggered primarily by
the attachmerdf bacteria to epithelial cells. The pathogen cawal o clasdl major-
histocompatibility-complex (MHC) molecules on thefaceof gastric epithelial cells,



inducing their apoptosS.Furtherchanges in epithelial cells depend on proteins deatdn
thecag-PAI and on the translocation of CagA into gasépithelialcells2%3* H. pylori urease
and porins may contribute to extravasatiod chemotaxis of neutrophilBigure 9.2’

Figure 2. Pathogen—Host Interactions in the Pathogenesis of
Helicobacter pylori Infection.

#. 4 .» The hostresponse k pylori participates in the induction of

| @ damage to the gastric epithelium and thereforeahdategral role
e e in H. pylori pathogenesis. During the early phase of the iitiect
e - binding ofH. pylori to gastric epithelial cells, in particular through

View larger ~ BabA and by strains harboring tbag pathogenicity island, results
version (80K): in the production of interleukin-8 and other cheinek, such as
[in this window] epithelial-cell-derived neutrophil-activating pej&i78 (ENA-78)

[in a new window]and growth-related oncogezéGRO~), by epithelial cells. Nuclear
factor-B (NF-xB) and the early-response transcription-factor
activator protein 1 (AP-1) are the intracellularssengers involved
in this process. The chemokines secreted by egatlells bind to
the proteoglycan scaffolding, generating a gradaworig which
polymorphonuclear cells (PMN) are recruited. Theoolt phase of
H. pylori gastritis associates an adaptive lymphocyte resgpuaith
the initial innate response. Lymphocyte recruitmeriacilitated by
chemokine-mediated expression of vascular addiessich as
vascular-cell adhesion molecule 1 (VCAM-1) andricédular
adhesion molecule 1 (ICAM-1) that are requiredlyonphocyte
extravasation. Macrophages that participate irrlew&in-8
production produce proinflammatory cytokines invamhin the
activation of the recruited cells, in particulah@&lper cells (ThO,
Th1l, Th2), that respond with a biased Th1l resptmsk pylori. In
turn, Thl-type cytokines such as interfeiofiNF-7) induce the
expression of class Il major histocompatibility quexes (MHC)
and accessory molecules B7-1 and B7-2 by epithediéd, making
them competent for antigen presentation. The cytotdacA- and
Fas-mediated apoptosis induced by tumor necrosieria TNF-:)
leads to disruption of the epithelial barrier, fa@iing translocation
of bacterial antigens and leading to further atibraof
macrophages. Cytokines produced by macrophagessaualter
the secretion of mucus, contributingHopylori—-mediated
disruption of the mucous layer. Cytokines produicetthe gastric
mucosa induce changes in gastric-acid secretiohanubostasis
(dashed lines). TNE; interleukin-3, and interferori-increase
gastrin release, stimulating parietal and enteolaffin cells and
thus acid secretion. TNf-also induces a decrease in the number of
antral D cells, leading to decreased somatostatidyction and
indirectly enhancing acid production. LPS denotes
lipopolysaccharide.

The gastric epithelium dfl. pylori-infected persons has enhantmaakls of interleukin-g,



interleukin-2, interleukin-6, interleukin-&nd tumor necrosis factar*324%41 Among these,
interleukin-8.a potent neutrophil-activating chemokine expredsedastricepithelial cells,
apparently has a central réfeH. pylori strains carrying theag-PAl induce a far stronger
interleukin-8response thacag-negative strains, and this response dependstivation of
nuclear factowB (NF-xB) and the early-responsanscription factor activator protein 1 (AP-
1) #2%3 The neutrophil-activatingrotein, a 150-kD surface proteintdf pylori, may
contributeto phagocyte activation, although its relationltoical outcomeemains

uncertain’

H. pylori infection induces a vigorous systemic and mudasaloral response. This

antibody production does not leacetadication of the infection but may contributdissue
damageSomeH. pylori—infected patients have an autoantiboeponse directed against the
H*/K*-ATPase of gastrisarietal cells that correlates with increased dtyopf thecorpus?®

During specific immune responses, different subgsoef T cellemerge. These cells
participate in mucosal protection and haitinguish pathogenic bacteria from commensals.
Immature Thelper (Th) O cells expressing CD4 can differestiato twofunctional subtypes:
Th1 cells, secreting interleukin-2 aimderferon, and Th2 cells, secreting interleukin-4,
interleukin-5and interleukin-10. Whereas Th2 cells stimulateeBsdn responst
extracellular pathogens, Thl cells are induced Ipostesponse to intracellular pathogens.
BecauseH. pylori is noninvasivand induces a strong humoral response, a Th2esgbnse
wouldbe expected. Paradoxically, pylori—specific gastrimmucosal T cells generally present
a Th1 phenotypé’ Studiesn gene-targeted mice have further showed thatcpdkines
promote gastritis, whereas Th2 cytokines are ptiveagainsgastric inflammatioff2 This

Th1 orientation may be due to increaaattal production of interleukin-18 in responséito
pylori infection® This biased Th1 response, combined with Fas-nehabptosis ofi.
pylori—specific T-cell clone2? may favotthe persistence 1. pylori.

In addition to the damage associated waf-PAl-mediatedranslocation of proteingj.

pylori infection results in epitheliahdjury by several other mechanisms. Epithelial-cell
damage caresult from reactive oxygen or nitrogen speciesipoed byactivated
neutrophils Chronic inflammation also increasasithelial-cell turnover and apoptosis,
which may be due tihne combined effect of direct Fas-mediated contaeteeerepithelial
and Th1 cells and interfercin?? The expression levets Fas, NF«B, and mitogen-associated
protein (MAP) kinases arm turn, regulated by interleukind1Proinflammatory
polymorphism®f the interleukin-2 gene favor the development of gastptisdominantly in
the body of the stomach that is associatgld hypochlorhydria, gastric atrophy, and gastric
adenocarcinomdn the absence of these proinflammatory polymorpki$i. pylori—
mediatedyastritis develops predominantly in the antrumssogiatiorwith a normal to high
level of acid secretioft.

Clinical Outcomes of Infection

The clinical course dfl. pylori infection is highly variabland is influenced by both

microbial and host factorgigure 3. The pattern and distribution of gastritis correlate
stronglywith the risk of clinical sequelae, namely duodesragjastriailcers, mucosal atrophy,
gastric carcinoma, or gastric lymphofi#®atients with antral-predominant gastritis, the mos
commorform of H. pylori gastritis, are predisposed to duodenal ulednsreas patients with
corpus-predominant gastritis and multifoeabphy are more likely to have gastric ulcers,
gastric atrophyintestinal metaplasia, and ultimately gastric cavma.



Figure 3. Natural History oHelicobacter pylori Infection.

W S — H. pylori is usually acquired in childhood. Acute pylori
¢ infection causes transient hypochlorhydria ancuisly
diagnosed. Chronic gastritis will develop in vittyaall
persistently colonized persons, but 80 to 90 pensdhnever
View larger version have symptoms. The further clinical course is higiriable and
(42K): depends on bacterial and host factors. Patientshigher acid
[in this window] output are likely to have antral-predominant géstrivhich
[in a new window] predisposes them to duodenal ulcers. Patients|avitar acid
output are more likely to have gastritis in the ypoélthe
stomach, which predisposes them to gastric ulcgican initiate
a sequence of events that, in rare cases, lea@stoc
carcinomaH. pylori infection induces the formation of mucosa-
associated lymphoid tissue (MALT) in the gastricoosa.
Malignant lymphoma arising from such acquired maeos
associated lymphoid tissue is another rare contpicaf H.
pylori infection.

H. pylori is responsible for the majority of duodenal anstigeulcers. The lifetime risk of
peptic ulcer in a person infecteith H. pylori ranges from 3 percent in the United States to
25 percent in Japdr> Eradication oH. pylori drasticallylowers the recurrence rate léf
pylori—associated peptidcers>

Gastric cancer is the second most frequent causanakr-relatedeath. There is very strong
evidence thaH. pylori increasethe risk of gastric canced. pylori has been classified as
type | (definite) carcinogen since 1994, mainlytba basi®f large seroepidemiologic case—
control studies’*22° Additional evidence has accumulated, including itsftomanimal
models®® In a recent prospective study of 1526 Japaselsiects: gastric cancer developed
in 2.9 percent of 124@atients withH. pylori infection over 7.8 years, whereasgastric
cancer was observed in 280 noninfected controkestdMost important, no case of cancer
was detected in a subgroof253 infected patients who received eradicatimrapy earlyn
follow-up. The same investigators showed that estainof H. pylori prevents relapses after
endoscopic resection eérly gastric cancéf. The results from ongoing interventitials of
the effect oH. pylori eradication on the incidenoégastric cancer may have major
implications for global policiesoncerning the treatment and preventioiopylori infection.

H. pylori infection significantly increases the risk of gasMALT lymphoma, and 72 to 98
percent of patients with gastMALT lymphoma are infected withl. pylori.83%4
Furthermoreeradication oH. pylori alone induces regression of gasMi&LT lymphoma in
70 to 80 percent of cas&sResistance dfmphoma to eradication therapy is strongly
associated witbertain genetic abnormalities in the host, sucthagranslocation
t(11;18)(q21;q21), and is often associated wittgpessiorio high-grade tumor¥ Most of
the patients whose lymphomaspond to eradication therapy stay in remissiorséweral
years®’ However, the long-term experience with patientstiom the lymphoma has been
treated with antibiotics alonessll limited.



The role ofH. pylori infection in dyspepsia not associatgth ulcers remains controversial.
An increased prevalenceldf pylori has been reported in this condition, but incoesist
long-term symptom relief has been observed witldvad eradicatiom large, randomized
trials 22%° The reason for these discrepaesults is not entirely clear. The studies showing
benefit wereonducted in geographic areas with a higher backgtof peptialcer disease.
Subtle differences in dyspepsia-scoring systerag also have contributed to the outcome of
these studies. Bochrane review suggests that eradicatio.qdylori improvessymptoms in
only about 9 percent of patients with dyspepsthout ulcers, but this end point may miss the
other potentiabenefits ofH. pylori eradicatiorf

Eradication has become an issue in patients wilr@gasophageatflux disease, since long-
term acid-suppressive therapy namgravated. pylori—-mediated corpus gastritis and increase
the risk of gastric carcinonfa.Conversely, some case—contintl cohort studies have
suggested thad. pylori infection mayprotect against gastroesophageal reflux disease. Tw
recentfully controlled trials showed, however, thatpylori eradicatiordid not negatively
influence relapse rates in patients vg#stroesophageal reflux dised$€ but additional
prospectivestudies are needed. EradicatiorHofylori infection in thespatients makes sense
in view of the risks of peptic ulcer agdstric cancet:

H. pylori has also been implicated in the pathogenesis af/ewragastric diseases, ranging
from atherosclerosis to skiliseases, but documentation is poor and the asisnsare
controversiaf>

Diagnostic Tests

H. pylori infection can be diagnosed by noninvasive metbodly endoscopic biopsy of the
gastric mucosa; the selectiofithe appropriate test depends on the clinicinggt®
Noninvasivemethods include the urea breath test, serologis, tesd stoaintigen assays.

The urea breath test relies on the abundtargylori—derived urease activity in the stomach; it
gualitativelydetects active infection with a sensitivity andapeity of more than 90 percent.
The test is indicated for the initidlagnosis of the infection and for follow-up of éi@ation
therapy. In the latter case, the urea breath hestld notbe performed before an interval of
four weeks has elapsed,arder to avoid false negative results. The ureathreests reliable

in children over the age of six years but ndadser validation in younger childré.

H. pylori serologic testing is cheap and widely used fodtagnosis oH. pylori infection in
patients before treatmertthough approved laboratory-based tests have thahsand
specificity similar to those of the urea breath,tegonsistentesults have been reported with
some office-based tests. BecaHseylori strains differ among geographic locations, local
validationis necessary. Serologic testing is of limited usdatermining the success of
therapy and is not reliable in young childr8tool antigen tests fdt. pylori provide an
alternative tahe urea breath test, with a sensitivity of 89 8g®@rcenaind a specificity of

over 90 percent Stool tests are suitalfter follow-up of infection, provided that an eight-
week intervals allowed after therapy. Stool tests perform welthildrenof all ages and may
become the noninvasive method of chdarethis group of patients.

Patients with alarming symptoms, such as anemsiraatestinableeding, or weight loss, as
well as patients more than 50 yeafsige, should undergo endoscopy for the diagruddis
pyloriinfection. When endoscopy is clinically indicatéake tesbf first choice is a urease test
on an antral-biopsy specimétt permits cheap and rapid detection of ureaseiacth the
biopsy material, with a sensitivity of 79 to 100 @ant andh specificity of 92 to 100 percefit.



Sensitivity can be improvday additional biopsies, but false negative resanésobservenh
patients with active or recent bleeding and ingrds takingntibiotics or antisecretory
compounds. If the urease teshégative, additional biopsy specimens stored iatifwe carbe
sent for histologic examination. Culturetéf pylori with antibiotic-sensitivity testing is not
routinely performed fathe initial diagnosis ofl. pylori infection, but it is recommendedter
the failure of second-line therapyGuidelines for performingntibiotic-susceptibility tests of
H. pylori have been developég the National Committee for Clinical Laboratory
Standard$?

Treatment of H. pylori Infection

The goal ofH. pylori treatment is the complete eliminatiminthe organism. Once this has
been achieved, reinfection ratee low; thus, the benefit of treatment is duraGleically
relevantH. pylori—eradication regimens must have aates of at least 80 percent (according
to intention-to-trea&nalysis) without major side effects and with miainmductionof

bacterial resistance. Such goals have not beerahiwvithantibiotics alone. Because
luminal acidity influences the effectivenegssome antimicrobial agents that are active
againstH. pylori, antibiotics are combined with proton-pump inhibétor ranitidindvismuth
citrate. So-called triple therapies, combinatiohgsrne antisecretory agent with two
antimicrobial agents forto 14 days, have been extensively evaluated, aretagegimens
have been approved by the Food and Drug Administr§dEDA) (Table 1.

View this table: Table 1.FDA-Approved Treatment Options fét. pylori
[in this window] Eradication.

[in a new
window]

The combination of two or more antimicrobial agantseasesates of cure and reduces the
risk of selecting for resistaht pylori. The chief antimicrobial agents used in thesemegs
are amoxicillin, clarithromycin, metronidazole,rtycline and bismuth. Primary resistance
to amoxicillin and tetracyclineemains uncommon, but the frequency of clarithramyc
resistancés now around 10 percent in most European courdnelsthdJnited States and
even higher in Japdfi Metronidazole resistancanges between 20 percent and 30 percent
and is more frequeamong women and among both men and women in demglopuntries,
because of the frequent use of nitroimidazolese@t bthedisease&! Resistance dfl. pylori
to macrolides is causéy point mutations in the 23S ribosomal RNA geifisssistancé
metronidazole is caused primarily by mutationsitroneductasgenes 1(dxA andfrxA) that
interfere with the intracellulactivation of nitroimidazole®

First-Line Therapies
Proton-Pump-Inhibitor—-Based Triple Therapies
Following the success of initial trials of protonmp-inhibitor-basettiple therapy in Italy

and France, large, randomized trizdsifirmed the effectiveness of treatment twiceydtaf
severdays with 20 mg of omeprazole, given either wittp df amoxicillinand 500 mg of



clarithromycin, or with 400 mg of metronidazealed 250 mg of clarithromyciff:248>°
Several comparativteials have demonstrated the equivalence of 30 in@nsoprazoléwice
daily, 40 mg of pantoprazole twice daily, 20 mgalbeprazoléeaily, and 20 mg of
esomeprazole twice daily with omepraziol¢hese triple therapié$228%

In a meta-analysis of 666 studies that include@ZB patients;ombinations of a proton-
pump inhibitor, clarithromycin, ara nitroimidazole; a proton-pump inhibitor, clarmycin,
andamoxicillin; and a proton-pump inhibitor, amoxiail] and anitroimidazole were judged
to be similar, with rates of cuoé 78.9 to 82.8 percent according to intentionreat
analyses®Increasing the dose of clarithromycin to 1.5 g ey improvedates of cure, but
increasing the doses of the other antibiadidsnot. In another pooled analysis, no effect of
larger dosesf proton-pump inhibitors was observed among tipéettherapies? The
duration of therapy remains controversial. In Eeropdaytreatment is recommendéd,
whereas in the United States, 14-dayrses have been found to be better than shanteses
andare approved by the FDA. In a recent meta-analydislay treatmeratchieved rates of
cure 7 to 9 percentage points better thatay treatment Primary resistance to
clarithromycin ananetronidazole decreases rates of cure by 50 pesoen87 percent,
respectively’** The indication for therapy, bacterial factqratient compliance, and
geographic differences can further affietes of curé?

Ranitidine Bismuth Citrate—Based Therapies

Ranitidine bismuth citrate in dual therapy withrdlromycinfor two weeks has been
approved by the FDA® Meta-analysesuggest that ranitidine bismuth citrate with
clarithromycinand amoxicillin, or with clarithromycin and a nitnudazole performs as well
as corresponding proton-pump-inhibitor—batetapies™®’ Ranitidine bismuth citrate—based
regimensnay be less influenced by antibiotic resistance thair proton-pump-inhibitor—
basedtounterpart$>®® No ranitidine bismuth citrate—baseiple therapy has been approved
by the FDA.

Bismuth-Based Triple Therapies

Bismuth in association with metronidazole and tstcine comparewell in meta-analyses
with therapies based on proton-pump inhibitorganitidine bismuth citrate, even if the
duration of treatmeris reduced to seven da¥/s® This inexpensive regimen remaars
important option. Efficacy is negatively affecteylinetronidazoleesistancé® Furazolidone,
a nitrofuran derivative, has albeen proposed for use in bismuth-based triple fiesa
Tripletherapy for two weeks, consisting of 100 mg of asladonefour times daily,
amoxicillin, and bismuth, was successfuBthpercent of cases. However, furazolidone,
particularly whercombined with bismuth for two weeks, is associatétl substantiaside
effects. Standard bismuth-based therapy and igz@lidone-containinglternatives were
recommended at the 1999 Latin American Conse@enerenceé

Three regimens were recommended by the 1998 U 18sdbsus Conferen@ea proton-pump
inhibitor, clarithromycin, and either amoxicillor metronidazole for two weeks; ranitidine
bismuth citrateglarithromycin, and amoxicillin, metronidazole,tetracyclindor two weeks;
and a proton-pump inhibitor, bismuth, metronidazatel tetracycline for one to two weeks.
The regimens recommendeylthe European Maastricht 2—2606onference are a proton-
pumpinhibitor (or ranitidine bismuth citrate), clarittmycin, ancamoxicillin or
metronidazole for seven days. Because thermsuéficient data for the pediatric age group,



no treatmentegimen for children infected witH. pylori was recommendédxy the European
Paediatric Task Forcé.FDA-approved regimerare listed iriTable 1

Second-Line Therapies

Eradication is more difficult when a first treatmettemptas failed, usually because of
either poor patient complianoe the development of antibiotic resistance. Thoresfa 10-to-
14-daytreatment course is advocated for second-line piesaHoweverthe optimal strategy
for retreatment after the failure of eradicati@s not yet been established.

Because the failure of therapy is often associaitiisecondargntibiotic resistance,
retreatment should ideally be guidgddata on susceptibility. However, such informati®
oftenunavailable, so quadruple therapies, in which goprpumpnhibitor or an H-receptor
antagonist is added to a bismuth-basigte regimen with high-dose metronidazole, have
been suggestas optimal second-line therapy. According to ameogeta-analysishe
pooled eradication rate in 30 trials in which thisategyvas tested was 76 perceéftThis
second-line therapy was recommendethajor consensus conferené&s? although it may
provedisappointing, given the failure of regimens comitag metronidazolé

Another approach to retreatment without suscepgtigstingis to prescribe a second course
of proton-pump-inhibitor—basedple therapy, avoiding antimicrobial agents againhich
prior therapy may have induced resistance and agldsseffective combinations, such as
amoxicillin and tetracyclindf a clarithromycin-based regimen is used firstpetronidazole-
basedegimen should be used afterward, or vice verss. ddncepis supported by pooled
analysis-> but prospective studie$ consecutive combinations of triple therapiesrareded.
Alternative approaches to second-line proton-puntbitor—basetherapies have been
reported recently, but mostly in abstristn. Rifabutin, given in association with amoxiail
and pantoprazoler 10 days, achieved an 86 percent rate of cwen e patientsvith
resistant strain&>

In a pooled analysis of nine studies, retreatmetft kanitidinebismuth citrate—based triple
therapy yielded an 80 perceate of curé2! similar to the rates with quadruple therapies

in a recent randomized trial, ranitidine bismutinate clarithromycin, and tinidazole achieved
an 81 percent rate ofire after the failure of triple therapies basegion-pump

inhibitors® In locations where ranitidine bismuth citriavailable, triple therapies based

on this compound can beed for second-line treatment.

Indications for Therapy

The National Institutes of Health Consensus Devalkamt Conference 1994 was the first to
propose generalized guidelines tioe management &f. pylori infection. These guidelines
wereupdated in 1997, but the most recent U.S. guidelnere prepared 1998 by the Ad
Hoc Committee on Practice Parameters ofAimerican College of Gastroenterolofy.
Testing forH. pylori is recommended only if treatment is intended. Prynvadicationgor
such testing and subsequent treatment includeegpéptiailcer disease, a history of
documented peptic ulcer, or gasiMALT lymphoma. Testing of patients with nonulcer
dyspepsia malye performed on a case-by-case basis, but it ismdmatedn asymptomatic
patients or in patients receiving long-tareatment with a proton-pump inhibitor for
gastroesophage@adflux disease. No recommendations were issuepdentgeceiving only
nonsteroidal antiinflammatory drugs (NSAIDs).



The recommendations issued by the more recent Earoplaastrici2—2000 panel are
organized in two levels and are preseimebable 2”° Canadian and Asia—Pacific guidelines
correspondargely to the Maastricht 2—2000 guidelines. ThedpearPaediatric Task Force
identified gastric and duodenal ulcisease as indications for therapy in childrensanel
agreedhat there is no specific clinical picture assaavithH. pylori in children, and that
the benefit oH. pylori eradicationn children with dyspepsia has not been established
Thereforein children, testing foH. pylori is recommended only if tleymptoms are severe
enough to justify therapy. In populationgh a high prevalence di. pylori, routine

screening woultead to the treatment of large numbers of childvath nodemonstration of
benefits as compared with risks and cdstsause. pylori—related ulcer disease is much less
frequentn children than in adults and because therapyh®preventionf other
consequences of the infection can be postponed.

View this  Table 2. Current Guidelines for the TreatmentHbfpylori Infection,
table: According to the Maastricht 2-2000 Consensus Report
[in this

window]

[in a new

window]

Several issues regarding indications for therapyaie unresolvedlhe available results
suggest that subgroups of patients withulcer dyspepsia may benefit from the eradication
of H. pylori infection, but clear criteria for the identificatiof thesesubgroups are lackirg.

In dyspeptic patients who have been evaluated by endoscopy, however, testing for
pylori and treating patients with positive findings mayaseeffectivas endoscopy-based
management and may reduce cd$tThe preciseontribution ofH. pylori to ulcerogenesis
and to upper intestinbleeding in users of NSAIDs remains unclear. Findhe riskof

cancer may be high in patients with nonulcer dysja@pAlthough more studies are needed
to confirm these results,dan be argued thét. pylori infection should be treatedtimese
patients on the basis of the risk of cancer alone.

Perspective

H. pylori continues to be one of the most common bacteriattionan humans. Functional
genomics may fill many of the gapsdar understanding of the pathogenesisigbylori
infectionand accelerate the development of novel therapielsidingH. pylori—specific
antimicrobial agents. Although enormaaregress has been made in studying the virulence
factors ofH. pylori and their variation, this information has notlyeén used in clinical
practice. Associations between bacterfaracteristics and disease risks have not yet been
definedsufficiently well to guide the clinician in treatmiedecisionsProphylactic and
therapeutic vaccination have been succegsthimal models, but the translation to a human
vaccine remaingifficult, in part because the immunology of theratich isstill poorly
understood®% Al of these developments witkobably be needed to prevent and treat this
infection in areasf the world where there is a high prevalence obolt infection.
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