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Abstract
AIM: Helicobacter pylori (H pylori) resistance after failed
eradication has a major impact on the outcome of a further
treatment regimen. The aim of this study was to assess
the validity of a non-invasive strategy using the 13C-urea
breath test (UBT) and the gastric string test in identifying
post-treatment resistance of H pylori.

METHODS: The UBT was routinely performed 4 to 6 wk
after H pylori eradication therapy. Forty-two patients (24
females, 18 males, mean age 48 years) with a positive UBT
were included in the study. A gastric string test using a
capsule containing a 90 cm-long nylon fiber was performed.
Before the capsule was swallowed, the free end of the string
was taped to the cheek. After one hour in the stomach, the
string was withdrawn. The distal 20 cm of the string was
inoculated onto an agar plate and processed under micro-
aerophilic conditions. Following the string test, upper
gastrointestinal endoscopy was performed to obtain gastric
biopsies for conventional culture.

RESULTS: H pylori was successfully cultured from the gastric
string in 34 patients (81%), but not in 5 patients due to
contamination with oropharyngeal flora. H pylori was cultured
from the gastric biopsies obtained at endoscopy in 39 patients
(93%).

CONCLUSION: The UBT followed by the gastric string test
in the case of treatment failure is a valid diagnostic strategy
with the aim of determining the post-therapeutic antibiotic
resistance of H pylori with little inconvenience to the patient.
Upper GI-endoscopy can be avoided in several cases by
applying consequently this diagnostic package.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The antibiotic resistance of Helicobacter pylori (H pylori) after
failed eradication therapy has a major impact on the selection
of antibiotics applied in a further treatment regimen[1]. Recent
guidelines for the management of H pylori infection recommend
triple therapy comprising a proton pump inhibitor (PPI) or
ranitidine bismuth citrate, in combination with clarithromycin
and amoxicillin or metronidazole, as the first-line therapy, and
quadruple therapy (PPI, bismuth, metronidazole and tetracyline)
as the second-line therapy in the event of primary treatment
failure. The results of a recent meta-analysis revealed failure of
primary therapy in about 20-30% of cases[2], and of second line
therapy in a further 20-30% of cases[3]. Thus the bacterium
persisted after two courses of H pylori eradication therapy in
about 10 out of 100 infected patients. In this situation antibiotic
susceptibility testing is recommended[4], and treatment of
H pylori infection should be based on a susceptibility-adapted
therapy regimen. While resistance to amoxicillin is infrequent,
resistance to clarithromycin and metronidazole is common after
failed H pylori eradication therapy[1], and this implies a markedly
decreased eradication rate[5,6].
     The post-treatment evaluation of the H pylori status has
become a domain of non-invasive testing with either the 13C-urea
breath test (UBT) or with the stool antigen test if UBT is not
available[4]. For antibiotic susceptibility testing, upper
gastrointestinal (GI)-endoscopy with gastric biopsies is the
standard procedure. The gastric specimens thus obtained are
further processed by microbiologic methods for bacterial culture
and the determination of antibiotic susceptibility.
      As a possible alternative to upper GI-endoscopy, Perez-
Trallero et al[7] proposed a gastric string test. This test enables
gastric mucus to be obtained without the need for upper GI-
endoscopy. H pylori is readily isolated from the mucus, and this
approach has been successfully used to culture H pylori for
susceptibility testing in a number of studies[7-10]. Limitations of
the gastric string test are the low density of H pylori in the
mucus, and contamination with flora from the oropharynx. To
overcome these shortcomings we have further modified the test
with the aim of introducing a diagnostic package combining the
UBT and the gastric string test. The present study was conducted
to assess the validity of this diagnostic package in clinical practice
for deciding the appropriate management of H pylori resistance.

MATERIALS AND METHODS

Patients were assigned by GP’s or our Out-Patient Department
to receive a UBT 4 to 6 wk after H pylori eradication therapy. A
validated test protocol for the UBT was used. After an overnight
fast, 200 mL of tap water containing 4.2 g citric acid, 40 mg



saccharin and 75 mg 13C-urea was administered to the patients.
Breath samples were collected before and 30 min after
administration of the test drink. Breath samples were analyzed
by an isotope ratio mass spectrometer (ABCA, PDZ Europe
Crewe, UK), and the results were expressed as “delta over
baseline” (DOB). A DOB >4‰ was considered positive for
H pylori[11]. If the UBT was positive and the further inclusion
criteria were met (no antibiotics, bismuth-containing compounds,
H2-receptor antagonists or proton pump inhibitors during the
four weeks preceding the 13C-UBT), the patients underwent a
gastric string test. For this test patients swallowed a gelatine
capsule containing a 90 cm long string of absorbent fiber
(Entero-Test HDC Corporation, San Jose, US) after an overnight
fast (Figure 1). Before the capsule was swallowed, the patient
was requested to gargle for 30 s with a hexitidine solution. The
free end of the string was taped to the cheek. One hour later the
patient gargled once more with hexitidine solution and the string
was withdrawn. The distal 20 cm of the string was immediately
inoculated onto a special agar plate for cultivation of H pylori
(Pylori Agar, bioMérieux, France), and samples were incubated
for 2 to 10 d in a micro-aerophilic chamber at 37 ℃. H pylori
was identified on the basis of typical morphology using Gram
staining, and positive urease, oxidase, and catalase tests. Minimal
inhibition concentrations (MIC) were determined using the Etest
(AB Biodisk, Sweden) on blood agar plates. Suspensions of
H pylori were adjusted to a McFarland standard no. 2  as the
inoculum. After a 3-d incubation period under micro-aerophilic
conditions, the MICs of clarithromycin and metronidazole were
determined. Strains with an MIC >8 mg/L were considered
resistant to metronidazole and those with an MIC >1 mg/L were
considered resistant to clarithromycin. Following the string
test, upper GI-endoscopy was performed in all patients to obtain
gastric biopsies (4 biopsies form the antrum and 4 from the corpus
for histology, rapid urease test and culture). The biopsies for culture
(one from the antrum and one from the corpus) were processed in
the same way as the distal part of the string. The study protocol
was approved by the Ethics Committee of the University of
Magdeburg, and all patients gave their written informed consent.

Figure 1  Gastric string test for obtaining H pylori from the
gastric mucosa: A: Capsule with partly extracted string. The
overall length of the string was 90 cm; B: Capsule with string
before swallowed; C: End of the string taped to the cheek.

RESULTS
Forty-two patients (24 females, 18 males, mean age 48 years)
out of 50 consecutive patients with a positive UBT consented
to undergo the gastric string test. H pylori  was cultured from
the gastric biopsies in 39 of the 42 patients (93%) and from the
gastric string in 34 patients (81%). In one patient H pylori was
grown from the gastric string, but not from the biopsies. Fungal
contamination prevented cultivation of H pylori in 5 patients,
and no growth of H pylori was observed in a further three
patients after 10 d of incubation (Figure 2). Resistance to
clarithromycin was observed in 24 out of the 40 patients (60%),
and to metronidazole in 34 patients (85%). The resistance rate
was identical with both investigational methods.
      Implementation of the gastric string test was successful in
all patients. With one exception, all patients preferred the gastric
string test to upper GI-endoscopy. The main reason given by
the patient (a 54-year-old man) who favored endoscopy, was the
duration of the investigation (about 70 min for the string test).
    Our results showed that a minimum of 45 upper GI-
endoscopies had to be performed to establish the antibiotic
resistance of H pylori. The figure of 45 was the sum of 42 initial
endoscopies and 3 additional endoscopies in the patients with
no growth of H pylori from biopsies obtained at the initial
endoscopy, assuming that H pylori would be grown from all
the biopsies taken at the second endoscopy. In contrast, the
gastric string test was successful in 34 patients. In the remaining
8 patients two options were possible, namely the gastric string
test could be repeated or an upper GI-endoscopy could be
performed to obtain biopsies for susceptibility testing. If the
latter was the preferred strategy, upper GI-endoscopy would
be necessary in only 8 patients to enable H pylori susceptibility
to be determined in all the 42 patients, again assuming that
H pylori would be grown from all biopsies of the second
endoscopy. Overall this implied a maximum reduction in upper
GI-endoscopies of about 80%.

DISCUSSION
The combination of the UBT to determine the H pylori status
after eradication therapy, and the minimally invasive gastric
string test, in cases of persistent H pylori infection to determine
the post treatment antibiotic susceptibility, would appear to be
a useful diagnostic package for the management of H pylori
infection. Using the gastric string test it was possible to obtain
data on the susceptibility of H pylori to clarithromycin and
metronidazole in 81% of patients. This package approach is
therefore a valid alternative to upper GI-endoscopy with biopsies
for susceptibility testing.
       The validity of the UBT for pre- and post-treatment diagnoses
of H pylori infection has repeatedly been demonstrated[11] and
the UBT is generally recommended[4]. In a second step we added
the gastric string test to recover bacteria from the individual
patients to determine their susceptibility to the two most commonly
used antibiotic agents (clarithromycin and metronidazole).
However, all other antibiotics of interest in H pylori therapy could
also be investigated. Resistance of H pylori to clarithromycin
and metronidazole is the principal cause of treatment failure.
Resistance to clarithromycin could reduce the therapeutic
efficacy by an average of 55.4%, and resistance to metronidazole
by an average of 37.7%[12]. Pre-treatment determination of the
susceptibility of H pylori has been shown to be cost-effective
in an American model using upper GI-endoscopy to obtain the
bacteria[13]. Obviously, if the cost of endoscopy could be
avoided, cost-effectiveness would be improved. A detailed
calculation of savings needs to be performed in the individual
community, since impacting factors are multiple: prevalence of
resistance to antibiotics, cure rate for sensitive strains, cure

Figure 2  Schematic overview of patients and growth rates of
H pylori obtained from biopsies taken during upper GI-endos-
copy and from the gastric string.
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rate for resistant strains, and the cost of diagnosing and treating
H pylori.
      The cultivation rate of H pylori in the gastric string test was
lower than that in gastric biopsy materials. However, susceptibility
of H pylori to different antibiotics could be identified in about
80% of the patients. In light of these results, about 80% of
upper GI-endoscopies may be dispensable. This would be a
major advantage for both the patients and the community, since
the gastric string test is much cheaper than upper GI endoscopy.
The cost of the string capsule is about 25 US$, and the cost of
culturing H pylori is identical for both options. On the basis of
these calculations, and given the limited resources of
endoscopy for obtaining biopsies for H pylori culture, the
combination of the UBT and the gastric string test offers an
attractive alternative.
     However, in our study, this concept presupposed the
availability of a microbiologic laboratory in the vicinity. This is
not a basic requirement, the string could be transported over
up to 24 h at below 50°F/10 ℃ before it was plated on an
cultivation agar[14]. The breath sample of the UBT could also
be easily transported over long distances in small glass tubes.
Therefore the string test as well as the UBT are also applicable
far away from a specialized laboratory. Both tests can be easily
performed by a medical assistant technician in a doctor’s
practice or in a health care center. Based on the resistance
pattern of individual H pylori, the physician is able to apply a
resistance-adapted therapeutic regimen for eradication of the
H pylori infection, if necessary after consulting a therapeutic
specialist like a gastroenterologist.
       The gastric string test for primary H pylori detection and
isolation was first described in 1995[7], and reports on further
trials have recently been published, also in the post-treatment
setting[8,9]. The novelty of our approach is that we have
combined the UBT and the gastric string test. This minimally
invasive package for post-treatment evaluation of patients has
the advantage of being more comfortable for patients, and it might
be more cost-effective in most countries. In a very recent
publication by Leong et al[10], a very low sensitivity of the
string test was described in comparison to other published
literatures. A few simple modifications of the test protocol might
be responsible for the much better sensitivity in our
investigation. Our patients gargled with hexitidine solution
before swallowing the capsule and after withdrawing the string.
Furthermore we did not squeeze the string and cultivate the
obtained juice, we inoculated the string directly on a
commercially available selective H pylori agar plate.
      In conclusion, the combination of the UBT and the gastric
string test for establishing the antibiotic susceptibility of H pylori
clearly represents a valid strategy, with a possible significance
in the management of H pylori infection. The implementation
of this diagnostic package is not limited to a local specialized
laboratory near the health care center. The availability of an
inexpensive and minimally invasive antibiotic susceptibility test
for H pylori is of importance both for individual patients and
for monitoring the development of microbiologic resistance to
standard H pylori therapy. Upper GI endoscopy can be avoided

in several cases by applying this diagnostic package.
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