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Abstract

Background: The 13C-urea breath test is the best non-invasive
test to validate Helicobacter pylori eradication. Serology is unreliable
for this purpose due to the slow and unpredictable decline in the
antibody titer.

Objectives: To characterize a specific group of patients who were
treated for H. pylori and tested for successful eradication by 13C-UBT in
our central laboratory, to correlate the eradication success rate with
specific drug combinations, and to evaluate other factors that may
influence eradication success.

Methods: 13C-UBT for H. pylori was performed in the central
laboratory of Clalit Health Services. The breath test was performed by
dedicated nurses in 25 regional laboratories and the samples were
analyzed by a mass spectrometer (Analytical Precision 2003, UK). The
physician who ordered the test completed a questionnaire computing
demographic data (age, gender, origin), indication, use of non-steroidal
anti-inflammatory drugs or proton pump inhibitor, and combination of
eradication therapy.

Results: Of the 1,986 patients tested to validate successful H.

pylori eradication, 539 (27%) had a positive test (treatment failure
group) and 1,447 (73%) had a negative test (successful treatment
group). Male gender, older age and European-American origin
predicted better eradication rates. Dyspeptic symptoms and chronic
PPI therapy predicted treatment failure. Combination therapy that
included clarithromycin had a higher eradication rate than a combina-
tion containing metronidazole. The combination of omeprazole,
amoxicillin and clarithromycin achieved an eradication rate of 81.3%,
which was better than the combination of omeprazole, metronidazole
and clarithromycin (77.2%) (not significant), or of omeprazole,
amoxicillin and metronidazole (66.1%) (P < 0.01).

Conclusion: Gender, age, origin, dyspepsia and PPI therapy may
predict H. pylori eradication results. Our findings also support an
increase in metronidazole resistance of H. pylori strains in Israel, as
reported in other countries. We recommend combination therapy with
omeprazole, amoxicillin and clarithromycin and avoidance of metroni-
dazole as one of the first-line eradication drugs.
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Helicobacter pylori infection is highly prevalent in many countries,

and almost half of the world population is infected [1]. Since peptic

ulcer disease, cancer and lymphoma may be a consequence of H.

pylori infection, it is therefore essential that health providers be

able to establish the diagnosis using a highly sensitive method [2].

13C-urea breath test is such a test and has the highest sensitivity

among the non-invasive tests [3±7]. Among the non-invasive tests,
13C-UBT is the best for the validation of H. pylori eradication [6].

Serology is unreliable for this purpose due to the slow and

unpredictable decline in the antibody titer [ 9].

In Israel H. pylori is usually eradicated by a combination of a

proton pump inhibitor and two antibiotics for 1 week, according to

the MACH 1 study [10]. The accepted eradication rates in intention-

to-treat analysis [10] are: 90.6% for omeprazole, amoxicillin and

clarithromycin (OAC), 85.5% for omeprazole, metronidazole and

clarithromycin (OMC), and 75.8% for omeprazole, amoxicillin and

metronidazole (OAM). It has been suggested that for many patients

with uncomplicated ulcer disease, non-ulcer dyspepsia or unin-

vestigated dyspepsia, it is reasonable to simply monitor for

recurrent symptoms. This protocol was changed at the recent

Maastricht meeting of the European Helicobacter Pylori Research

Group (EHPRG), which recommended evaluation by 3C-UBT of every

case [11].

The primary aim of the present study was to characterize a

specific group of patients treated for H. pylori and tested for

successful eradication by 13C-UBT in our central laboratory, and to

correlate eradication success rate with specific drug combinations.

The secondary aim was to evaluate other factors that may influence

eradication. Our study represents the eradication rate in sympto-

matic patients in daily practice and not during a controlled study.

Methods
13C-UBT for H. pylori was performed in the central laboratory of

Clalit Health Services. The breath test was performed by dedicated

nurses in 25 regional laboratories and the samples were analyzed by

a mass spectrometer (Analytical Precision 2003, UK). A consecutive

series of 1,986 patients were examined for validation of a successful

eradication; there were 1,080 women (54%) and 906 men (46%) with

a mean age of 51.4 years (range 16±98). H. pylori infection was

diagnosed before eradication attempt by rapid urease test and

histology [11].

Patients were given 75 mg urea labeled with 13C in 200 ml of

orange juice, and breath samples were collected at times 0 (before
13C intake) and 30 minutes after 13C intake. The results are

expressed as the difference between the two scores (delta over

baseline). The cut-off 13C/12C at T30'-T0' was 3.5, according to

referral laboratories and the manufacturer's instructions. The
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13C-UBT = 13C-urea breath test

PPI = proton pump inhibitor
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patients were asked to stop treatment with H2 antagonists, proton

pump inhibitors, or any antibiotics, a week before the test. If the

indication validated H. pylori eradication, the test had to be taken at

least 1 month after the end of the eradication treatment. The

physician who ordered the test completed a questionnaire

computing demographic data (age, gender, origin), indication, use

of non-steroidal anti-inflammatory drugs, or PPI, and the combina-

tion of drugs used for eradication therapy.

Statistical analysis was performed by t-test and Chi-square test

as needed. A P value of less than 0.05 was considered significant.

Results

Since a positive test indicated treatment failure (treatment failure

group) and a negative test treatment success (successful treatment

group), these two groups were separated and compared. A positive

test was obtained in 539 patients (27%) and a negative test in 1,447

(73%). There were 219 men (40.7%) in the treatment failure group

and 687 men (47.5%) in the successful treatment group (P = 0.008).

There were more patients of European-American origin and older

than 50 years in the successful treatment

group than in the treatment failure group

(P = 0.03 and P = 0.0001, respectively)

[Table 1].

There were significantly more dyspeptic

patients and more chronic PPI users in the

treatment failure group than in the suc-

cessful treatment group (P = 0.001 and P =

0.008, respectively) [Table 2]. There was no

statistically significant difference between

the groups when other indications for the

test, in addition to validation of successful

H. pylori eradication, were studied.

The most common treatment combi-

nations used for H. pylori eradication are

presented in Table 3. The omeprazole,

amoxicillin and clarithromycin (OAC)

combination was used in 19.7% of the

treatment failure group and in 31.9% of

the successful treatment group (P <

0.0001). By contrast, the omeprazole,

amoxicillin and metronidazole (OAM)

combination was used in 26.8% of the

treatment failure group and in 19.4% of

the successful treatment group (P <

0.0001) [Table 3]. As shown in Table 4,

the combination of omeprazole, amoxicil-

lin and clarithromycin achieved an eradication rate of 81.3%, which

was better than omeprazole, metronidazole and clarithromycin

(77.2%) (not significant), or omeprazole, amoxicillin and metroni-

dazole (66.1%) (P < 0.01).

Regimens that contained clarithromycin were used in 47.4% of

the treatment failure group and in 62.6% of the successful treatment

group (P = 0.0001). Metronidazole was part of the combination used

in 65.3% of the treatment failure group and in 50.5% of the

successful treatment group (P = 0.0001).
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Table 1. Demographic data

Treatment

failure group

Successful

treatment group

Relative

ratio

P

No. of patients 539 (27.1%) 1,447 (72.9%)

Gender

Men

Women

219 (40.7%)

320 (59.3%)

687 (47.5%)

760 (52.5%)

1.17

0.89

0.008

Age

Mean + SD

Median

48.2 + 12.3

50

52.5 + 14.8

55

0.001

Age (yrs)

< 18

19±50

> 50

49 (9.0%)

232 (42.9%)

258 (47.8%)

100 (6.9%)

490 (33.9%)

857 (59.2%)

0.77

0.79

1.24

0.0001

Origin

Europe-America

Asia-Africa

Israel

193 (35.9%)

236 (43.7%)

110 (20.4%)

627 (43.3%)

547(37.8%)

273(18.9%)

1.21

0.86

0.93

0.03

Statistical analysis was performed by t-test and Chi-square test as needed.

Table 2. Other indications for 13C-UBT

Subgroups Treatment failure

group (n = 539)

Successful treatment

group (n = 1,447)

Relative

ratio

P

Dyspepsia 363 (67.3%) 854 (59.0%) 0.88 0.001

Symptoms other than dyspepsia 278 (51.6%) 667 (46.1%) 0.89 NS

Duodenal ulcer 132 (24.5%) 326 (22.5%) 0.92 NS

Gastric ulcer 14 (2.6%) 59 (4.1%) 1.58 NS

PPI therapy 278 (51.6%) 667 (46.1%) 0.89 0.008

NSAID therapy 31 (5.8%) 81 (5.6%) 0.97 NS

Family history of gastric cancer 10 (1.9%) 42 (2.9%) 1.53 NS

Statistical analysis was performed by t-test and Chi-square test as needed.

NSAIDs = non-steroidal anti-inflammatory drugs

Table 3. Treatment combinations

Combina-

tion

Treatment

failure group

(n = 539)

Successful

treatment group

(n = 1,447)

RR Diffe-

rence

SE 95%CI

of difference

P

OAC 106 (19.7%) 462 (31.9%) 1.62 -0.122 0.023 -0.167 to -0.077 0.000

OAM 144 (26.8%) 281 (19.4%) 0.72 0.074 0.021 0.033 to 0.115 0.000

OMC 46 (8.6%) 156 (10.8%) 1.26 -0.022 0.015 -0.052 to 0.008 0.175

Other 155 (28.7%) 392 (27.1%) 0.94 0.016 0.023 -0.028 to 0.060 0.514

O = omeprazole, A = amoxicillin, C = clarithromycin, M = metronidazole, RR = relative ratio, difference =

difference between proportions, SE = standard error of difference, CI = confidence interval.

Table 4. Eradication rate in the different drug combinations

Combination No. of

patients

No. of

negative tests

Eradication

rate (%)

OAC 568 462 81.3

OMC 202 156 77.2

OAM 425 281 66.1

O = omeprazole, A = amoxicillin, C = clarithromycin, M = metronidazole.
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Discussion

We found that prediction criteria for treatment success were male

gender, older age and European-American origin. A possible

explanation for our findings may be that compliance varies among

these groups. Older men of European-American descent may have

more chronic diseases, such as ischemic heart disease, arterial

hypertension or diabetes mellitus, and may be accustomed to

regular medications. Moayyedi et al. [12] similarly found that H.

pylori eradication with omeprazole, clarithromycin and tinidazole

was less successful in women. This result needs further evaluation.

Our results suggest a possible increase in metronidazole resistance

of H. pylori strains as described in both Israel and the United States

[13,14]. Thus, we recommend a combination therapy of OAC and

avoidance of metronidazole as a first-line eradication therapy. It was

not surprising to find a higher rate of dyspeptic patients and PPI

users among the treatment failure group patients. Moayyedi et al.

[12] demonstrated that eradication was less successful in patients

who had received pretreatment with H2 receptor antagonists,

suggesting that these agents should be avoided, if possible, before

the patient commences therapy. H. pylori may cause dyspepsia, and

eradication therapy may be beneficial at a rate of 10% over placebo

[15]. PPI use is frequent in dyspeptic patients, and may be an

indirect marker for failed H. pylori eradication in this setting. A

similar idea was suggested by Annibale and co-workers [16], who

found a non-significant decrease in eradication rate with omepra-

zole pretreatment in peptic ulcer patients.

In a prospective study of 248 infected patients, Perri et al. [17]

tried eradication therapy with pantoprazole, clarithromycin and

amoxicillin. They found that age older than 45, smoking and high

pretreatment 13C-UBT results were independent predictors of

eradication failure. Eradication rate was low, 63%, by intention-to-

treat analysis [17]. Our findings suggest an increased eradication

rate with age, perhaps due to a decrease in smoking in Israel in this

age group. Georgopoulos and colleagues [18] studied 80 con-

secutive infected patients with duodenal ulcer or non-ulcer

dyspepsia. H. pylori was eradicated in 88.8% of the patients with

omeprazole, clarithromycin and amoxicillin taken for 10 days [18].

This regimen failed to eradicate a strain that was clarithromycin-

resistant. Age, gender, smoking, ulcer disease and compliance with

therapy were not found to be predictive factors of H. pylori

eradication with this regimen. It was speculated that a higher

degree of inflammation accompanies more aggressive strain

infections, which are more vulnerable to antibiotic therapy [19].

Inflammation may be important for mucus degradation and allows

better antibiotic penetration and altered vascular and epithelial

permeability [18,19].

Our patients were tested to validate H. pylori eradication, and

73% (the successful treatment group) had a negative test

(successful eradication). This, of course, is not an indicator of the

general success rate of eradication therapy in Israel, since the

patients were referred for 13C-UBT after therapy if they were

symptomatic or had demonstrated endoscopic pathology. Thus, the

rate of 73% is an underestimate of the success of eradication

therapy in Israel. More patients in the treatment failure group

received drug combinations with metronidazole than in the

successful treatment group, and fewer combinations contained

clarithromycin. Combination therapy with clarithromycin was better

than combinations that contained metronidazole.
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