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TABLE 1
DIAGNOSTIC TESTS FOR HELICOBACTER PYLORI*

ficity have been reported to
be up to 98% and 100%,

respectively, at 24 hours."”

Sensitivity  Specificity Endoscopy Relative

Test (%) (%) needed? cost Th_e 19‘_” cost agd excellent
reliability of this test make

Culture 77-92 100 Yes High it the endoscopic method

Histologic study 93-99 95-99 Yes High Eehoions for P i

Rapid urease test of choice for diagnosis.

(Camplyobacter-like organism test) 89-98 93-100 Yes Low

Serologic study 88-99 86-100 No Low . : :

Carbon 13 urea breath test 90-100 98-100 No Moderate ~ INoninvasive techniques

Carbon 14 urea breath test 90-97 89-100 No Moderate Breath tests. The urease

*Modified from Brown and Peura, reference 16; used with permission

Excluding cost of endoscopy when applicable

Invasive techniques

Culture. Under normal circumstances, demon-
stration of an organism by culture is the criterion of
an infection. However, culturing H pylori is tedious
and difficult, owing to the fastidious nature of the
organism. Culture is no more sensitive than routine
histologic analysis and also entails the cost of en-
doscopy. For these reasons, cultures are not indi-
cated for diagnosis.

Histologic analysis of biopsy samples is readily avail-
able, but some caveats should be kept in mind. The
organism may have a patchy distribution, especially
in the body and fundus of the stomach. Because the
antrum is more uniformly involved, two biopsy
specimens from the prepyloric antrum generally suf-
fice."* The yield may be increased further by sam-
pling the fundus as well as the antrum. Routine
hematoxylin and eosin staining may be unreliable
for detecting H pylori by microscopy; the Giemsa
and Warthin-Starry stains permit easier visualiza-
tion, especially by inexperienced observers. His-
tologic analysis also has the advantage of visualizing
the mucosa, permitting the detection of histologic
gastritis as well as unsuspected lesions, such as
MALT-type lymphomas. This invasive technique is
expensive because it requires endoscopy, and an ad-
ditional charge is incurred for interpretation. Sev-
eral days are necessary to obtain the diagnosis.

The Camplyobacter-like organism (CLO) test. Mu-
cosal biopsy specimens may be directly inoculated
into a medium containing urea and phenol red,
which turns pink if the pH rises above 6.0. This
change occurs when urea in the gel is metabolized to
ammonia by the urease of the organism. This test is
commercially available and inexpensive, and can
often provide a diagnosis within 1 hour of inocula-
tion of the biopsy specimen. Its sensitivity and speci-
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activity of H pylori can also
be detected noninvasively.
After urea labelled with
carbon 13 or carbon 14 is
ingested, urease produced by the organism splits off
labelled carbon dioxide, which can be detected in
the breath. Both breath tests are accurate, with a
sensitivity and specificity of up to 100%.'*'%" Carb-
on 13 is a stable isotope that does not emit radia-
tion. Unfortunately, detecting it requires a mass
spectrometer, which is often not readily available.
The carbon 14 test involves a small amount of radia-
tion exposure, but uses a scintillation counter,
which is more readily available. Neither technique
is commercially available yet. The carbon 13 test is
expected to become the ideal noninvasive test once
it is commercially available because it does not in-
volve radiation exposure, reflects current infection
only, and can rapidly document both infection and
clearance of the organism.

Serologic testing for antibodies to H pylori. The en-
zyme-linked immunosorbent assay (ELISA) is sim-
ple, inexpensive, and commercially available. De-
tection of IgG antibody has a sensitivity of up to
99% and a specificity of up to 100% for diagnosing
infection."” Occasionally, IgA levels may be ele-
vated without a concomitant increase in IgG lev-
els.”® An elevated antibody titer to H pylori indicates
current infection, because spontaneous clearance is
rare. Although the antibody titer falls after eradica-
tion, the rate of this decline is uncertain.

There are several limitations to the use of sero-
logic analysis to document eradication. Titers must
be monitored for at least 6 months to determine a
decline. However, the cutoff value marking a signifi-
cant decline is uncertain. Kosunen et al”® reported
that a 50% decline in IgG titer at 6 months had a
sensitivity of 97% and specificity of 95%, while Cut-
ler et al”' reported that a 20% decline in antibody
titer at 6 months had a sensitivity of 86% and a
specificity of 88%. For the comparison to be accu-
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rate, both the baseline and the follow-up titer must
be measured at the same time to control for the
inherent variability in the assay if it is run at differ-
ent times.”' These problems limit the use of serologic
testing for documenting eradication. However, ex-
cellent accuracy and low cost make serologic testing
the noninvasive method of choice to document in-
fection with H pylori.

In practice, endoscopy is still required to diag-
nose ulcer disease, and the current standard re-
quires two biopsy specimens from the antrum for
CLO testing or histologic review. Alternatively, pa-
tients with a history of documented ulcer disease or
who have an ulcer demonstrated by barium radiog-
raphy can undergo testing for IgG antibodies to H
pylori by ELISA. The full spectrum of noninvasive
tests will probably be available soon, with IgG anti-
bodies ideal for documenting infection and the
carbon 13 urea breath test ideal for assessing the
response to treatment.

TREATMENT

Several excellent treatments are available for
peptic ulcers. With histamine H,-receptor antago-
nists, 90% to 95% of duodenal ulcers and 88% of
gastric ulcers heal within 8 weeks?; with omepra-
zole, 80% to 95% of duodenal ulcers heal within 4
weeks.” However, peptic ulcer disease is chronic,
and both duodenal and gastric ulcers rapidly recur
after successful antisecretory therapy.' Relapses can
be prevented by long-term, low-dose (half-strength)
maintenance therapy with any of the histamine H,-
blockers.”” Now that H pylori infection has been
recognized as an important factor in the pathogene-
sis of peptic ulcer disease, the 1994 National Insti-
tutes of Health (NIH) consensus conference’* has
recommended that all infected patients with duode-
nal and gastric ulcers undergo antimicrobial therapy.

H pylori is sensitive in vitro to a variety of antibi-
otics, but the in vivo activity of these same drugs is
disappointing. This discrepancy may be related to
where H pylori resides: under a mucus gel layer in the
stomach, where the acidic environment decreases
the activity of many antibiotics.”* The lack of a suit-
able animal model of H pylori infection makes select-
ing appropriate antibiotics more difficult as well.

Triple therapy

Eradication of H pylori is defined as the absence
of the organism at 4 or more weeks after completion
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FIGURE 3. Healing rate of duodenal ulcers in two groups
of patients. Healing was more rapid in patients receiving ra-
nitidine plus triple antimicrobial therapy than in patients re-
ceiving ranitidine alone (P < .01). From Graham et al, refer-
ence 27; used with permission.

of therapy. In a meta-analysis, Chiba et al® found
that the eradication rate for single-drug therapy
with agents such as bismuth or amoxicillin was
19%; for double-drug therapy, the rate was 48%,
and for triple therapy the rate was 82%. The high-
est eradication rate was achieved with a combina-
tion of bismuth, metronidazole, and tetracycline.
The organism is almost never eradicated with an-
tisecretory therapy alone.

Multidrug therapy is inconvenient, making com-
pliance a problem. In a trial of triple therapy, Gra-
ham et al*® confirmed that compliance was a key
factor in predicting efficacy: subjects who took less
than 60% of their trial medication had an eradica-
tion rate of 69%, whereas those who took more than
60% had an eradication rate of 96%. Multidrug
therapy is also complicated by adverse effects, most
notably diarrhea, nausea, and vomiting, which may
occur in up to 19% of patients.”®

Eradication of H pylori accelerates the rate of
duodenal ulcer healing. Graham et al*’ found that at
4 weeks of treatment, ulcers had healed in 74% of 53
patients who received ranitidine plus triple therapy
and in 53% of 52 patients who received ranitidine
alone (Figure 3). This effect alone is of little clinical
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are under investigation.
Hentschel et al’® recently

FIGURE 4. Recurrence rate of gastric ulcers (left) and duodenal ulcers (right) after success-
ful healing with ranitidine alone or ranitidine plus triple antimicrobial therapy. No mainte-
nance therapy was given. The recurrence rate of both types of ulcers was significantly
greater (P < .01) in the patients treated with ranitidine alone than in those who received tri-
ple therapy plus ranitidine. From Graham et al, reference 28; used with permission.

importance, given the inconvenience, cost, and ad-
verse effects of triple therapy plus histamine H,-re-
ceptor antagonists when compared with the simpler
and equally efficacious strategies, such as a single
daily dose of omeprazole for the same period. How-
ever, interest in treating H pylori increased after
eradication was found to markedly change the natu-
ral history of both duodenal and gastric ulcers.”® In
26 patients with healed gastric ulcers and 83 pa-
tients with healed duodenal ulcers, the 1-year re-
lapse rate was 13% and 12%, respectively, in those
treated with ranitidine and triple therapy compared
with 74% and 95% in those treated with ranitidine
alone (Figure 4). All patients who had relapses after
triple therapy either never had the organism eradi-
cated initially or subsequently received nonsteroidal
anti-inflammatory drugs (NSAIDs). Interestingly,
none of the patients in whom H pylori was eradi-
cated became reinfected within the 2 years of fol-
low-up. Long-term follow-up of patients treated for
H pylori also indicates that reinfection is uncom-
mon. Forbes et al” recently reported that 32 (91%)
of 35 patients given successful eradication therapy
remained H pylori-negative after 7 years. The esti-
mated annual reinfection rate in this group of pa-
tients was 1.2%.
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found that duodenal ulcers
healed in 48 (92%) of 52 of
patients treated for 12 days
with amoxicillin (750 mg
three times a day) and
metronidazole (500 mg
three times a day) plus rani-
tidine for 6 weeks, whereas
ranitidine alone was effective in only 39 (75%) of 52
patients. H pylori was eradicated in 89% of the anti-
biotic treatment group but in only 2% of the ranitid-
ine group. The 1-year relapse rate was also lower in
the antibiotic group (8%) than in the group treated
with ranitidine only (86%) (Figure 5).

Omeprazole has a bacteriostatic effect on H py-
lori, decreases the density of H pylori colonization,
and decreases histologic gastritis in patients with
duodenal ulcers.” The mechanism of these effects is
unclear. Omeprazole in varying dosages combined
with amoxicillin has an eradication rate of greater
than 80%.

Recently, 10 days of therapy with omeprazole (40
mg twice a day) combined with amoxicillin (1 g
twice a day) was compared with omeprazole alone
(40 mg daily) for healing duodenal ulcers. Both regi-
mens were followed by omeprazole (20 mg daily) for
an additional 4 weeks.” The healing rates at 6 weeks
were comparable: ulcers had healed in all 27 pa-
tients receiving omeprazole plus amoxicillin and in
25 (96%) of 26 patients receiving omeprazole alone.
Combination therapy resulted in an eradication rate
of 82%, compared with 0% with omeprazole alone,
and the relapse rate at 9 months of follow-up was
0% for the combination therapy group and 48% for
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the omeprazole monotherapy group. This dual ther-
apy regimen was well tolerated.

When omeprazole (20 mg twice a day) combined
with amoxicillin (500 mg four times a day) was
compared with triple therapy with tetracycline,
metronidazole, and bismuth in a group of 38 pa-
tients, the healing rates were comparable, as were
the eradication rates: 79% in the omeprazole group
and 84% in the triple therapy group.”

[t is unclear how omeprazole enhances the an-
tibacterial action of amoxicillin. Amoxicillin is
acid-labile, and the profound rise in intragastric pH
caused by inhibition of the proton pump is hypothe-
sized to result in less degradation of amoxicillin.”®
Pretreatment with omeprazole alone before institut-
ing antibiotic therapy markedly attenuates the effi-
cacy of dual therapy with amoxicillin and omepra-
zole and should be avoided.” More data are soon
expected on the optimal doses of this therapy, as
well as on other new proton-pump inhibitors com-
bined with single antimicrobial agents. Clearly, dual
therapy has the advantages of simplicity and better
patient tolerance.

Recommendations

The long-term effect of therapy on complica-
tions of ulcer disease remains incompletely under-
stood. In a study of 31 patients who presented with
major upper gastrointestinal bleeding from peptic
ulcers, the rebleeding rate after ulcer healing was
29% in a group treated with ranitidine alone and
0% in the group treated with triple therapy plus
ranitidine.”® However, follow-up averaged only 9
months or less. Therefore, until more and longer
follow-up data are available, maintenance doses of
histamine H,-receptor antagonists are recom-
mended in this situation.*

Eradication of H pylori is now recommended in
all infected patients with peptic ulcer disease (Table
2).* Before treatment for H pylori can be considered,
both the organism and an ulcer need to be docu-
mented. Eradication should also be attempted in
patients with chronic peptic ulcer disease severe
enough to prompt consideration of long-term main-
tenance therapy or elective surgery, and in any pa-
tient already receiving maintenance therapy.

The recommended regimen for H pylori eradica-
tion is a 2-week course of a combination of bismuth
subsalicylate (two tablets four times a day), tetracy-
cline (500 mg four times a day, or amoxicillin 500
mg four times a day in patients who cannot tolerate
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FIGURE 5. Probability that a duodenal ulcer would remain
in remission after successful treatment with ranitidine plus
placebo or ranitidine plus amoxicillin and metronidazole.
The recurrence rate of ulcers in the patients given ranitid-
ine plus placebo was significantly greater (P <.001) than in
those who received ranitidine plus two antibiotics. The tick
marks represent patients who, because of nonadherence to
the protocol, were considered to have withdrawn from the
study. From Hentschel et al, reference 32; used with permis-
sion.

tetracycline) and metronidazole (250 mg three
times a day). Alternatively, omeprazole (20 mg
twice a day) plus amoxicillin (500 mg four times a
day) is a reasonable option (Table 3). If active dis-
ease is present at diagnosis, antisecretory therapy
should be administered for the conventional time
period of 8 weeks for histamine H,-receptor antago-
nists (for duodenal or gastric ulcers) or 4 weeks for
omeprazole (for duodenal ulcers only).

Eradication probably needs to be documented
only in patients who would otherwise have been
candidates for maintenance therapy because of a
major complication, such as bleeding. Documenta-
tion should be by biopsy techniques at present, but
by noninvasive breath tests when they become
available.” As mentioned above, serologic methods
are currently impractical for documenting eradica-
tion. If eradication fails, triple therapy should be
repeated with clarithromycin (500 mg three times a
day) instead of metronidazole.” Reinfection after
eradication is uncommon and appears to occur at a
rate of 1% to 3% annually.?*?%
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TABLE 2
WHEN TO BEGIN ANTIMICROBIAL TREATMENT
OF HELICOBACTER PYLORI INFECTION : GUIDELINES

H pylori- H pylori-
Diagnosis negative positive
Asymptomatic (no ulcer) No No
Nonulcer dyspepsia No No
Gastric ulcer No Yes
Duodenal ulcer No Yes

“From the 1994 NIH consensus conference statement,
reference 24

However, antimicrobial therapy should not yet
be instituted for nonulcer dyspepsia, chronic H py-
lori gastritis, NSAID-induced ulcers without H py-
lori, or Zollinger-Ellison syndrome.”**' Routine ther-
apy in these conditions would likely hasten the
emergence of resistant strains and other untoward
side effects of widespread antimicrobial therapy,
such as pseudomembranous colitis.

H PYLORI AND NSAIDs

NSAIDs are associated with an increased risk of
duodenal and gastric ulcers, regardless of enteric
coating or delivery in a prodrug formulation. The
frequency of H pylori infection and NSAID inges-
tion both increase with age. However, H pylori in-
fection does not appear to increase the risk of duo-
denal or gastric ulcers in patients taking NSAIDs
long-term.** Nevertheless, patients who develop
peptic ulcer disease while taking NSAIDs should
still be treated with antimicrobial therapy if they are
infected with H pylori.”* Whether eradication of H
pylori will decrease the frequency of NSAID-in-
duced peptic ulcers remains to be seen.

H PYLORI AND NONULCER DYSPEPSIA

Dyspepsia is persistent or recurrent abdominal
pain or discomfort centered in the upper abdomen.*
The terms “nonulcer dyspepsia” or “functional dys-
pepsia” apply to chronic dyspepsia without a known
cause. Approximately 50% of patients with nonulcer
dyspepsia are infected with H pylori.* However, the
prevalence of H pylori is probably no higher in pa-
tients with nonulcer dyspepsia than in asymptomatic
controls. Furthermore, the mechanism whereby his-
tologic gastritis causes symptoms is not clear.

Trials assessing treatment of H pylori in patients
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TABLE 3
CURRENT 2-WEEK ANTIMICROBIAL REGIMENS FOR
THE TREATMENT OF HELICOBACTER PYLORI INFECTION

Triple therapy
Bismuth subsalicylate, two tablets four times a day

Metronidazole, 250 mg three times a day
Tetracycline (or amoxicillin), 500 mg four times a day

Proton pump double therapy
Omeprazole, 20 mg twice a day

Amoxicillin, 500 mg four times a day

with nonulcer dyspepsia all have had serious metho-
dologic flaws.* A review of sixteen trials indicates
that anti-H pylori therapy was effective in eight of
these studies but ineffective in the other eight.*
This contradiction is not surprising, given the
emerging concept that functional dyspepsia is most
likely the result of an abnormal sensory perception
of visceral events.* Therefore, treatment of H pylori
in patients with nonulcer dyspepsia is not indicated.

H PYLORI AND GASTRIC NEOPLASIA

As improbable as the association between H py-
lori and peptic ulcer disease once seemed, the organ-
ism is also hypothesized to be associated with an
increased risk of gastric carcinoma. In a case-control
study, Parsonnet et al* found that 84% of 186 pa-
tients with gastric adenocarcinoma had been pre-
viously infected with H pylori, compared with 61%
of the control population. The mean time between
documentation of infection and the diagnosis of car-
cinoma was 14.2 years. Similar results have been
described by others.**

Possible mechanisms of carcinogenesis include in-
jury caused by metabolic products of the organism,
rapid turnover of cells caused by chronic inflamma-
tion (which may increase the risk of mutation and
cellular transformation), and cellular injury, muta-
tion, and transformation caused by inflammatory
products.”® However, most infected patients never
develop cancer, and gastric carcinoma can also de-
velop in subjects who are not infected. Therefore,
other factors besides H pylori must play a role in the
pathogenesis of gastric carcinoma.

Gastric non-Hodgkin’s lymphoma is rare, al-
though the stomach is the most common extranodal
site of this tumor. Lymphoid tissue is normally absent
from the stomach, probably accounting for the rarity
of gastric lymphoma. Early in life, the stomach is
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devoid of lymphocytes. However, in the presence of
H pylori, chronic inflammation with lymphocytes oc-
curs in the stomach.

Recently, Parsonnet et al’’ examined the rela-
tionship between non-Hodgkin’s lymphoma of the
stomach and infection with H pylori in a case-con-
trol study of 230 593 participants. In this study, the
33 patients with gastric non-Hodgkin’s lymphoma
were more likely to have evidence of previous in-
fection with H pylori than did the control group
(odds ratio 6.3). However, no association was seen
between infection with H pylori and non-gastric
non-Hodgkin’s lymphoma. Perhaps chronic inflam-
mation results in lymphoid proliferation, thereby
increasing the chance of mutation, although diet,
age, strain of bacteria, environmental cofactors, so-
cioeconomic status, and genetic factors clearly
must be involved as well >*

H pylori is also associated with MALT lymphoma,
a low-grade subtype of non-Hodgkin’s lymphoma of
the stomach.”® MALT lymphomas are characterized
by a lymphoepithelial lesion that destroys the normal
gastric architecture. Wotherspoon et al** eradicated
H pylori in six patients who had MALT lymphoma,
and in five of the six, eradication was accompanied
by complete regression of the lesion. This regression
suggests that H pylori eradication is a reasonable in-
itial treatment strategy for this tumor.

_ SUMMARY AND FUTURE PERSPECTIVES

H pylori clearly causes chronic superficial gastri-
tis. It also is involved in the pathogenesis of peptic
ulcer disease, although the mechanism is incom-
pletely understood. Strain variability and host fac-
tors probability account for the different outcomes
of infection in different individuals. H pylori infec-
tion may also increase the risk of developing gastric
adenocarcinoma and lymphoma. No clear relation-
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the recurrence rate of peptic ulcer disease.
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pylori in peptic ulcer disease. The mechanism
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