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TREATMENT STRATEGIES FOR
HELICOBACTER PYLORI
INFECTION

Barry J. Marshall, MD, MBBS, FRACP, FACG

In 1983, when Helicobacter pylori and peptic ulceration were first
associated,* the only therapy that healed duodenal ulcer and also
inhibited H. pylori in vitro was colloidal bismuth subcitrate (CBS).
Unfortunately, bismuth caused only suppression of H. pylori, so patients
suffered relapse of the infection a few weeks after therapy ended, and
duodenal ulcer relapse rates were only slightly lower than those seen
with H, receptor antagonists.*

Early investigators often made the mistake of equating a negative
biopsy at the end of therapy with cure, thus leading to unrealistic
claims for some therapies and subsequently disappointing results when
many infections relapsed. The addition of metronidazole or amoxicillin
to bismuth regimens in 1984 led to the first permanent eradication of
H. pylori and opened the way for investigators to study the clinical
effects of such eradication.” Tedious empiric clinical trials were neces-
sary because the effect in vitro of antibacterial agents did not predict
their effect in vivo on the new bacterium. After 8 years of experimen-
tation, we now have several safe and effective therapies to cure H.
pylori infection. Some of them may be suitable for prospective double-
blind clinical studies and ultimately for general use.

RULES FOR DETERMINING ERADICATION OF
H. PYLORI

Proof of H. pylori eradication must be based on a follow-up biopsy
performed more than 28 days after therapy is completed. The test used
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to prove eradication should detect the bacterium rather than an im-
munologic response. Currently, biopsy of the gastric mucosa for his-
tology is still the most sensitive means of detecting H. pylori. At least
two biopsy specimens should be tested by histologic staining. As a
noninvasive test for cure, the urea breath test may be used.® If these
methods are unavailable, serial antibody titers (IgG) that show a
consistent fall 3 and 6 months after treatment are circumstantial evi-
dence of cure.” Figure 1 shows a time line of treatment (triple therapy)
and follow-up after therapy.

CONSIDERATIONS IN THE THERAPY OF H. PYLOR!
INFECTION

Luminal or Systemic Antibiotics?

Healthy H. pylori organisms can often be seen in the gastric mucus
layer or antral mucus glands, within phagocytic cells, and even inside
canaliculi of parietal cells. Gastric juice also has been shown to contain
viable H. pylori organisms, even when the pH is below 3.0. These
gastric luminal bacteria are transiently attacked with oral antibiotics but
are probably best treated by drugs that are secreted in gastric juice or
saliva. The pH near the lumen of the stomach is maintained at 2.0,
whereas the cell-mucus interface is more alkaline, with a pH of approx-
imately 6.0. Few antibiotics are active in both these pH extremes, Oral
agents reach very high concentrations in gastric mucus,* but levels
quickly fall as the stomach empties after a meal.* As a consequence,
dosing schedules of three or four times daily may allow H. pylori to
multiply between doses. The low eradication rates achieved with
bismuth salts and tetracyclines suggest that luminally active agents do
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Figure 1. Time line of therapy for H. pylori intection. Bismuth—8 tablets/d (Pepto-Bismol)
or 4 tablets/d (De-Nol); tetracycline—8 tablets/d (250 mg); metronidazole—4 1ablets/d (250
mg). Bx=Dbiopsy; BT =urea breath tesl; Ab=serology.
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not achieve adequate concentrations in the deep mucus-secreting glands
of the antrum, which often harbor many H. pylori organisms.

Is Acid Protective for H. pylori?

Several observations suggest that acid may protect H. pylori from
antibiotics. In patients with achlorhydria due to pernicious anemia, the
prevalence of H. pylori infection is usually less than that of the back-
ground population.” The usual explanation for this observation is
heightened immunity in these patients or decreased virulence of H.
pylori in the absence of acid. Alternatively, H. pylori may be far more
easy to eradicate in the absence of acid, allowing ordinary courses of
common antibiotics to eradicate the bacterium. As an example, the
eradication rate of amoxicillin alone is not more than 20%, yet far
higher rates of H. pylori cure were observed when amoxicillin was given
in combination with omeprazole, a proton pump inhibitor.*

Are There Sequestered Organisms?

H. pylori organisms can be found in several very different regions
of the upper gastrointestinal tract, including dental plaque,® islands of
gastric metaplasia in the esophagus,* and Barrett’s epithelium of the
lower esophagus.® All three of these locations actually are outside the
body and are only imperfectly contacted by the extracellular fluid.
Systemic therapies may therefore be ineffective in these locations, in
which drugs that are chewed (De-Nol chewable tablets) or secreted in
saliva (metronidazole, clarithromycin) may be preferred. Sequestration
of H. pylori in dental plaque or periodontal tissues may also be a factor
contributing to its prevalence among lower socioeconomic groups.®

Can in vitro Studies Predict in vivo Effects?

Many antibacterial agents that have not proved successful in vivo
have merely exceeded the minimal inhibitory concentration (MIC) of
H. pylori, perhaps leaving quiescent but viable forms in the gastric
mucosa. Whereas phagocytic cells should be capable of killing such
organisms, H. pylori may be relatively resistant to phagocytic eradication
because of its catalase activity.” In phagocytic cells, catalase destroys
lysosomal hydrogen peroxide before it can generate the oxygen radicals
necessary for a bactericidal effect." ® Antibacterial agents may have to
exceed the minimal bactericidal concentration (MBC) to eradicate H.
pylori.*

ACTIVITY OF ANTIBIOTICS ON H. PYLOR!

H. pylori is a microaerophilic gram-negative organism related to
Campylobacter jejuni and with a similar antibiogram. In the following
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Table 1, AGENTS THAT ALWAYS INHIBIT H. PYLOR! AND NEVER LEAD TO
ANTIBIOTIC RESISTANCE*

Cure Rate
as Single Agent
Drug (%) Usage

Colloidal bismuth subcitrate 3040 1 tablet qid or 2 tablets bidt$
{De-Nol)
Bismuth subsalicylate 510 1 tablet 8 times per day or 2 tablets
(Pepto-Bismol) qidti; this dose contains 1 g
salicylate per day
Amoxicillin or ampicillin 15 500 mg qidt1§
1 g bid}§
Tetracycline 5 500 mg qidt3|
Doxycycline 5 200 mg daily; acts systemicaily,
excreted in bile, convenient
administration possible in some
difficult-to-treat vomiting patients||
Furazolidone 20-40 100 myg tid or qidt$7
Nitrofurantoin 10-15 100 mgq tid or gidtt

qid = four times daily; bid = twice daily; tid = three times daily.

*These agents may be used more than once in the same patient.

tMore frequent dosing is preferred (every 3 hours) because of the short half-life In gastric mucosa.
}Uss in combination therapy.

§Higher cure rates if used in combination with acid-reducing therapy.

[IMay cause photosensitivity.

Y70% cure rate in one study; poor results in other studies.

discussion, the action of various antibiotics on H. pylori is classified by
the in vivo efficacy of the drug and the ability of H. pylori to develop
in vitro antibiotic resistance, This information is summarized in Tables
land 2.

Table 2. AGENTS THAT INHIBIT H. PYLOAR! IN VITRO AND IN VIVO BUT CAUSE
ANTIBIOTIC RESISTANCE*

Cure Rate
as a Single Agent
Drug (%) Usage

Metronidazole 5 1-1.5 g daily {20 mg/kg)t
Tinidazole 5 1 g dailyt
Erythromycin base 15 2 g daily in divided
dosest§|1
Clarithromygcin 40-60 1.5 g daily for 14 days
Ciprofioxacin (ofloxacin, 10 500 mg dallyt**; vary doses
norfloxagin, etc.) for other quinolones

“Therefars, they should be used only once. if antibiotic susceptibility is available, it should be used
as a guide to therapy.

Never use as a single agent.

$More frequent dosing is preferred (every 3 hours) because of the short halt-life in gastric mucosa.

§Use in combination therapy.

Do not use pro-drug forms such as erythromycin ethylsuccinate, because they are inactive in the
stomach.

THigher cure rates if used in combination with acid-reducing therapy.

**Last-rasort therapy to be used in combination with multiple cther agents.
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Agents That Always Inhibit H. Pylori and Never Lead
to Antibiotic Resistance—They May Be Re-used in the .
Same Patient

Amoxiciflin

Amoxicillin has been widely used to treat H. pylori because of its
dosing convenience rather than for its efficacy. Although all isolates of
H. pylori are sensitive to amoxicillin in vitro, treatment results in vivo
have been disappointing. Ampicillin is likely to be at least as effective
as amoxicillin (and possibly cheaper), but no direct comparisons of the
two drugs have been performed. Because H. pylori does not produce
penicillinase, there is no advantage to using combinations such as
amoxicillin and clavulanic acid (Augmentin).

High concentrations of amoxicillin are obtained in gastric juice and
mucosa during oral therapy,® but the H, pylori eradication rate is low,
usually less than 20%.% * Higher amoxicillin doses, as much as 4 g
daily, have been tried at the University of Virginia but have been no
better than the 2-g dose (Marshall BJ: unpublished). Amoxicillin is
mostly used in a dose of 500 mg four times daily in combination
therapies (see later discussion). Frequent dosing with amoxicillin—for
example, 250 mg of suspension every three hours—is well tolerated
and may be used for initial suppression of H. pylori in patients with
severe nausea and vomiting.

A disadvantage of amoxicillin is a 5% incidence of Clostridium
difficile colitis, which may be prevented by combining the drug with
metronidazole. Such therapy has been advocated as a 7-day treatment
by Logan et al.* Amoxicillin may also be more effective if given in
combination with omeprazole. Although the amoxicillin-bismuth-me-
tronidazole combination has been used by several investigators, it does
not eradicate metronidazole-resistant H. pylori. In this respect, there-
fore, tetracycline is a more active component of triple therapy (see later
discussion).

One-Week Therapy. Logan et al® reported a 1-week triple therapy
for H. pylori using CBS, four tablets; amoxicillin, 2 g and metronidazole,
1 g daily. Therapy was given for only 7 days, and 74% eradication was
achieved. In metronidazole-sensitive strains, the eradication rate was
93%, but in resistant strains, eradication was less than 50%. Although
the brevity of this therapy is commendable, it appears that Logan et al
did not really see a cure rate greater than that with bismuth and
metronidazole alone (74%), with similar respective cure rates for metro-
nidazole-resistant and -sensitive organisms.® Thus, the addition of
amoxicillin to bismuth-metronidazole appears to be of marginal benefit
and at first glance does not seem to give the reported synergism that
is seen with tefracyciine. As discussed in letters to the Lancet,” further
studies are required to sort out the present controversy.

Pediatric Therapy. In children, in whom bismuth is difficult to
administer and tetracycline is contraindicated, amoxicillin-tinidazole
therapy has been used. Oderda et al® report an eradication rate of 75%
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with a 6-week course. The dose of tinidazole was 20 mg/kg/d, and that
of amoxicillin was 50 mg/kg/d. In the United States, metronidazole may
be used in the same dose as tinidazole. In retrospect, it is likely that
compliance with the therapy described by Oderda et al was poor and
that a 7- to 14-day therapy would have been equally efficacious.®

Does Omeprazole Enhance Antibiotic Effect? Unge et al* observed
eradication in 60% to 70% of patients given combination therapy with
amoxicillin, 500 mg four times daily, and omeprazole, 40 mg daily. The
rationale for this use was that lack of efficacy with amoxicillin alone
was due to H. pylori sequestered in the parietal cells. It was proposed
that omeprazole would enhance antibiotic penetration into a location
now rendered pH neutral. Bayerdorffer et al’ recently reported prelim-
inary results from a larger study, using omeprazole 40 mg twice daily,
and amoxicillin, 1 g twice daily. The H. pylori cure rate was 80% in the
antibiotic-treated group, a far higher cure rate than has been reported
elsewhere with this combination. As expected, ulcer relapse was vir-
tually nonexistent in the patients from whom H. pylori had been
eradicated. At the University of Virginia, we have had disappointing
results with this type of therapy but have used it only in refractory
patients in whom the cure rate has been less than 50%. We prefer to
use combinations of omeprazole and erythromycin instead (see subse-
quent discussion of triple therapy).

Telracycline

The main use of tetracycline is as a component of triple therapy
(see later discussion). Tetracycline is acid stable and active at acid pH,*
achieves high concentrations in the mucosa, and exceeds the MIC of
H. pylori for several hours. Tetracycline by itself is ineffective at
eradicating H. pylori but is useful as a single agent for prolonged
suppression in a dose of 250 mg every 3 hours for 4 weeks in patients
who are not able to take other medications. Tetracycline is also very
cheap.

'llgetracycline in combination with bismuth is not curative but causes
substantial suppression of H. pylori as evidenced by breath test. For
most infections, bismuth and tetracycline would not be given together
lest they chelate and not be absorbed. In the case of H. pylori infection,
this reaction may be beneficial, perhaps resulting in prolonged retention
of both drugs in the gastric mucus. The only other tetracycline with
potential use is doxycycline, which is secreted in bile and is active (but
not curative) in patients who have H. pylori in a gastric remnant (e.g.,
after Billroth II partial gastrectomy).*

Nitrofurantoin and Furazolidone

Nitrofurans retain their in vitro activity against H. pylori and may
have some use as topical agents for the gastric mucosa. Graham et al*!
have demonstrated that frequent low-dose furazolidone suspension
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(7 mg seven times daily) suppresses H. pylori in most patients as
assessed by "*C urea breath test. This finding suggests that it may be
used as a gastric luminal antibacterial agent, supplementing the actions
of bismuth, tetracycline, and amoxicillin.

The ulcer-healing action of furazolidone had been observed in
China even before the discovery of H. pylori.* Later reports by Morgan
et al** and by Borsch et al” have shown that both furazolidone and
nitrofurantoin are relatively ineffective as single agents in doses as high
as 400 mig daily. In addition, gastric side effects made clinical response
very difficult to assess. Morgan et al® found that H. pylori was sup-
pressed in most patients but eradicated in only 20%. In a surprising
study, Xiao et al® claimed a 75% eradication rate for furazolidone, 100
mg three times daily for 3 weeks, in Chinese patients with symptomatic
gastritis. So far, this cure rate has not been duplicated by other
investigators.

Bismuth Saits

Bismuth and other heavy metals have been used to treat gastritis
for more than 200 years. In electron microscope studies, bismuth can
be seen to precipitate in and around H. pylori organisms in the gastric
mucus layer, to collect beneath the cell wall of H. pylori, to cause
detachment of the organism from the mucosa, and to lead to bacterial
lysis of most gastric mucosal H. pylori within 2 hours of ingestion.”
Bismuth therapy for diarrheal disease and H. pylori has been the subject
of several recent reviews,* *

Colloidal Bismuth Subcitrate (De-Nol). The first bismuth drug
used specifically for H. pylori therapy was CBS (De-Nol, Gist-Brocades
Nederland, Rijswijk, Nethetlands). The initial formulation of CBS was
an unpleasant alkaline liquid, but it was reformulated into a pleasant
spray-dried chewable tablet in 1979 and more recently into a swallow-
able tablet.** Current formulations of CBS are to be taken as two tablets
twice daily for duodenal and gastric ulcer disease. Ulcer-healing rates
are equal to those seen with Hjreceptor antagonists, and probably
because of H. pylori suppression, CBS is especially useful in healing
ulcers refractory to Hy-receptor antagonists.

Bismuth Subsalicylate (BSS). In the acid environment of the
stomach, BSS disassociates into bismuth oxychloride and salicylate.
Salicylate is absorbed and excreted in the kidneys, with approximately
1 g salicylate released from the recommended dose of eight BSS tablets
(or spoonsful of regular-strength Pepto-Bismol) per day. BSS is less
effective than CBS for H. pylori, resulting in a single-agent cure rate of
only 10%. As with CBS, the drug is best used in combination therapy,
usually with metronidazole and tetracycline. Failure of BSS to eradicate
H. pylori is probably related to both its unpalatability (leading to poor
compliance) and its poor solubility.

In a double-blind study at the University of Virginia, only 5% of
H. pylori infections were cured during BSS therapy given as 512 mg
four times daily.* In the case of CBS, long-term H. pylori eradication
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rates of 40% have repeatedly been achieved.' * Logically, therefore,
bismuth therapy alone is not expected to affect the long-term outcome
of patients with H. pylori. Because of its short half-life in gastric mucus,®
bismuth should be administered frequently. As an example, although
the ulcer-healing rate is not obviously enhanced, dosing four times
daily with CBS appears to suppress H. pylori better than does three-
times-daily dosing (73% versus 42%)."

Other Bismuth Salts. Bismuth subnitrate (Roter tablets), subgallate
(Devrom), and subcarbonate have activity similar to that of BSS and
CBS, with an MIC of 12 to 25 mg/L for most H. pylori isolates.” The
effect of three bismuth preparations was recently described by Pounder
et al,” who acutely dosed several volunteers and tested for H. pylori
suppression with the urea breath test. As shown in Figure 2, all three
compounds showed equal efficacy in vivo, with none giving useful
long-term eradication of the organism.

Agents That May Cause Antibiotic Resistance and
Therefore Should Be Used Only Once (or as Indicated
by Susceptibility Testing)

Erythromycin

Erythromycin is available as erythromycin base, erythromycin
stearate, erythromycin ethylsuccinate (EES), and erythromycin estolate.
Erythromycin stearate and EES, although acid stable, must be metabo-
lized to the active drug after absorption, which may result in less
activity for gastric infections. McNulty et al* found that EES by itself
eradicated less than 20% of H. pylori infections, suggesting that serum
activity was ineffective at clearing the gastric mucosa. This poor effect
in vivo is in striking contrast to the very low MIC seen for H. pylori
with erythromycin in vitro. When mucosal levels of erythromycin were
studied, McNulty et al found 1 to 5 mg/L, about twice the serum level,
to be present, easily exceeding the MIC (0.1-1.0 mg/L).

Erythromycin increases gut motility by stimulating motilin recep-
tors in the stomach. Abdominal cramping, gnawing, nausea, and
diarrhea are all common with erythromycin therapy, often limiting its
use. Erythromycin is secreted in bile so may be more effective in
patients with duodenogastric bile reflux.

Alternatives to locally inactive acid-stable formulations are enteric-
coated erythromycin base delivered as small granules within a capsule
(ERYC, Parke-Davis) and erythromycin-base film-coated tablets (Eryth-
romycin Base Filmtabs, Abbott). To achieve gastric dissolution and local
action of enteric-coated granules, the stomach should be rendered
neutral with either high-dose H,-receptor antagonists or omeprazole,
and the erythromycin should be given as 250-mg tablets every 3 hours.
This regimen ensures good absorption (ante cibum doses) and pro-
longed gastric retention (post cibum doses). Quadruple therapy with
omeprazole, 40 mg daily; Pepto-Bismol, 8 tablets daily; tetracycline,
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Figure 2. Graphs showing initial suppression (A) of gastric urease with subsequent
resurgence (B) weeks after ceasing therapy with three bismuth compounds. (From Prewett
EJ, Luk WY, Fraser AGQ, et al: Compariscn of one-day oral dosing with three bismuth
compounds for the suppression of H. pyfori assessed by the *C-urea breath test. Alimentary
Pharmacology and Therapeutics 6:97-102, 1992; with permission.)

250 mg x 8 daily; and ERYC, 250 mg x 8 daily, has given a cure rate of
80% at the University of Virginia.*”" Therapy is given for 14 days, and
the cure rate is not affected by previous therapy with metronidazole.

Other Macrolides (Clindamycin, Azithromycin,
Clarithromycin)

Clindamycin has been studied both as monotherapy and in com-
bination with BSS by Westblom (Westblom U: personal communica-
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tion}. Low eradication rates were achieved, suggesting that this is not
a useful therapy. Azithromycin, an acid-stable macrolide with a very
long half-life, was also found to be ineffective for treating H. pylori
infection. Glupczynski et al'*® found that 10 of 12 patients had persistent
H. pylori during 7 days of azithromycin monotherapy and that the
infection relapsed in the remaining 2 patients. In most cases a resistant
strain developed, tolerant also to erythromycin, clindamycin, and other
macrolides. Similarly poor results were seen with josamycin,® which
has been found to cause resistant H. pyloti strains to emerge in vitro.*
As with metronidazole and quinolones, a small proportion of H. pylori
organisms seem to carry inherent macrolide resistance and emerge as
the dominant strain when exposed to the drug. Thus, macrolides are
best used in combination therapy rather than alone.

Clarithromycin (Biaxin, Abbett). Clarithromycin, a new-generation
macrolide, is acid stable, with a longer half-life than that of erythro-
mycin. The MIC to H. pylori is low, and the drug is metabolized to an
active metabolite that is also active against H. pylori. In limited clinical
studies, cure rates of 40% to 60% have been achieved with use of
clarithromycin as a single agent,* making clarithromycin unique in
being the only agent with such activity when given alone. The dose is
1to 1.5 g daily for 7 to 14 days (dose range not yet determined for this
indication). The major side effect is a bad taste in the mouth. Unfortu-
nately, when clarithromycin treatment fails, H. pylori often becomes
erythromycin resistant, so as with the other new macrolides, clarithro-
mycin can be used only once, or therapy should be guided by in vitro
sensitivity results,

Quinolones (Ciprofioxacin, Norfloxacin, Offoxacin)

Quinolones inhibit H. pylori in vitro but have had limited success
when used in vivo. Bayerdorffer et al’ reported that ofloxacin enhanced
duodenal ulcer healing when used in addition to ranitidine. This effect
was noted even though H. pylori could not be eradicated by the
combination. When persistent H. pylori isolates were examined in vitro
after therapy, they were found to be resistant to all quinolone drugs.
Thus, quinolones cannot be used as monotherapy, but they may have
an adjuvant role in patients with resistant infections. Ciprofloxacin is
secreted in bile at 5 to 10 times the serum concentration.” Ofloxacin is
secreted in saliva at concentrations equal to those in serum. We have
used ciprofloxacin, 1 to 1.5 g daily, as a supplementary agent to triple
therapy in a few patients in whom other therapies have failed. Quino-
lone combination therapies are expensive and currently unproven.

Metronidazole and Tinidazole

Nitroimidazoles are used mainly for the treatment of anaerobic
infections and parasites such as Giardia and Trichomonas. They are
secreted in saliva and differ from each other only in dosage and half-
life. Tinidazole is usually given as a single daily dose of 1 g, whereas
metronidazole is given as 250 to 500 mg three times daily.
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In Western countries, about 75% of H. pylori isolates are sensitive
to metronidazole.” Nevertheless, if metronidazole is givenas a single
agent, H. pylori is rarely eradicated, and resistance to metronidazole
develops in almost all cases. Thus, nitroimidazoles must always be
given as components of combination therapy rather than as single
agents. In Africa, this advice may be irrelevant because long-term use
of metronidazole for parasites (Amebz and Giardia) seems to have
rendered most H. pylori isolates resistant to metronidazole; therefore,
the drug is useless, alone or in combination, for H. pylori infections in
that region."”

Resistance to nitroimidazoles does not usually develop if a second
antimicrobial drug is given concurrently. This was first observed with
tinidazole-bismuth therapy" but appears to hold true if the bismuth is
replaced with amoxicillin or tetracycline. Successful therapies for H.
pylori infection are based on a broad-spectrum agent that acts luminally
to cause extreme suppression of the bacterium. Such agents are bis-
muth, tetracycline, amoxicillin, ampicillin, and furazolidone. In this
scenatio, a second agent acting both topically and systemically is more
efficacious and less likely to cause selection of a resistant isolate.

TRIPLE THERAPY

Triple therapies have the advantage of luminal activity and systemic
activity. Luminally active agents are bismuth, tetracycline, amoxicillin
or ampicillin, and, perhaps, furazolidone.? Combining two luminally
active agents causes marked suppression of H. pylori and may have an
inherent cure rate of 10% to 40%. In addition, these agents do not
appear to cause resistance, so they may be used in repeated courses
and in vatious combinations.

The combination of bismuth, tetracycline, and metronidazole seems
to be particularly effective. Borody and colleagues™ ® in Australia claim
a 90% cure rate, suggesting that at least half the metronidazole-resistant
forms are eradicated by this triple therapy. Supporting this is a recent
comparison of various therapies for resistant organisms, in which the
cure rate exceeded 50% even if H. pylori infection was re-treated with
the same triple therapy containing metronidazole.> ¢ Because the cure
rate with tetracycline-bismuth is very low, it appears that synergism
exists between metronidazole and the other two drugs. Our own
experience is that 90% of patients with sensitive isolates are cured by
dual therapy with bismuth and metronidazole. The extra benefit seen
in triple therapy (over dual therapy) is thus about 10%, with side effects
of occasional tetracycline allergies. If antibiotic sensitivity testing is
unavailable, triple therapy is a practical first choice for H. pylori
eradication.

Resistant infections

Most triple therapies contain a nitroimidazole, usually metronida-
zole, and this drug appears to be the most active component provided
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that suppression of H. pylori with the other agents has occurred. There
is now good evidence that the presence of bismuth somehow affects
the ability of H. pylori to resist metronidazole, and about 50% of
metronidazole-resistant isolates can be eradicated by using the triple
therapy described earlier. In patients in whom triple therapy fails, my
second choice is the quadruple therapy with erythromycin (ERYC)
described earlier. A viable second or third option appears to be high-
dose amoxicillin-omeprazole therapy® or clarithromycin-omeprazole
therapy, recently described by Logan et al.®

Reference
y

similar cure rates without acid
reduction in other studies

actual cure rate somewhere
between 0% and 80%

Comment
Add omeprazole, 40 mg, and

COMPLIANCE AND ERADICATIVE THERAPY

In a double-blind trial of ulcer therapy in which ranitidine was
compared with ranitidine plus triple therapy, Graham et al?* monitored
drug compliance and correlated it with the eradication rate. He found
that patients who took more than 60% of their medication had 96%
eradication of H. pylori, compared with a cure rate of only 69% in those
who were noncompliant. Unfortunately, metronidazole sensitivity was
not tested prior to therapy, so it is not certain that compliance was the
real factor involved. Patients without H. pylori eradication may have
had more gastrointestinal symptoms and been less compliant with
(ineffective) medication. If compliance is a major factor, it could explain
why longer courses of therapy do not offer any advantage over 14-day
treatments. It may even be better to have good compliance over 7 days
than mediocre compliance over 14 days. For this reason, several
investigators have tried to eradicate H. pylori with short courses of
combination therapy, even going as far as single-day therapy. So far,
therapies shorter than 7 days have been less effective than 10- to 14-
day therapies, but the optimal duration of therapy is still undecided.

determined, so may differ from
results in United States
Use of ranitidine and omeprazole

repeat this therapy if the initial
(15%) recurrence rate in Brazil

rendered H. pylori negative;
treatment fails

minimal side effects

Conflicts with above report;
difference to this therapy;

does not seem to make an

sensitive, omit bismuth
No ulcer relapse in DU patients

If organism is metronidazole
Follow-up at 1 year shows low
Metronidazole resistance not

5
56
150
0

9

250

Cure Rate (%)
Sensitive = 95; resistant to
metronidazole = 63
96; >70 cure on second try
81(R)-86(0)

82
0

75
95

OTHER (NEW) THERAPIES

Table 3 lists recent developments in the field of combination
therapies for H. pylori. These provide useful alternative options for
eradication of H. pylori in patients with metronidazole resistance,
allergies, and compliance problems.

Coelho et al' have reported 83% eradication of H. pylori in patients
treated with a regimen of furazolidone, 100 mg; amoxicillin, 500 mg;
and metronidazole, 250 mg, three times daily for 5 days. It should be
noted that, as with 7-day therapy (described earlier), the value of
furazolidone in this successful triple-therapy regimen remains unproven
because high cure rates are also obtained with dual therapy using
amoxicillin and metronidazole.® It is worthy of note, however, that 5
days seems to have been an adequate duration of therapy. In a follow-
up study of these patients, Coelho et al'® report a reinfection rate of
only 15% after 1 year. This relatively low rate is very encouraging for
those who wish to treat H. pylori in areas where environmental sources
of infection exist, such as Brazil.

Days
1
1
1
1

Therapy

CBS, 1 tablet gid; metronidazole,
qid = four times daily; bid = two times daily; tid = three times daily.

250 mg qid; amoxicillin, 500
mg gid

Amoxicillin, 1g bid; omeprazole,
tetracycline, 250 mg 5 times

daily
Metronidazole, 250 mg tid;

omeprazole, 40 mg daily
amoxicillin, 2 g; tinidazole,

furazglidone, 200 mg tid;
1 g daily

amoxicillin, 500 mg tid

metronidazole, 200 mg;
Omeprazole, bismuth,

metronidazole

ranitidine (R}, 300 mg;

40 mg daily

Table 3. LATE-BREAKING DATA ON H. PYLOR! THERAPY (MAY 1992)

Amexicillin, 500 mg gid;
CBS, 1 chewable tablet;
Omeprazole (0), 20 mg, or
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