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Abstract:

The aim of this study was to assess the primary and secondary resistance of H. pylori strains cultured from adult patients of the
Ma³opolska region of Poland, mainly of Kraków and the surrounding areas, to antibacterial agents (amoxicillin, clarithromycin, met-
ronidazole and levofloxacin). In total, 115 H. pylori strains were isolated, of which 90 strains originated from patients who had never
been treated for H. pylori infection, while the remaining 25 were isolated from patients in whom eradication of the infection failed
after treatment. All tested H. pylori strains were susceptible to amoxicillin. Forty-four percent of strains isolated were resistant to
metronidazole. The primary and secondary resistance to this antimicrobial chemotherapeutic reached 37% and 72% (p = 0.002), re-
spectively. In total, 34% of strains were resistant to clarithromycin, and the ratio of strains with secondary resistance was signifi-
cantly greater than that of the strains with primary resistance (80% vs. 21%, p < 0.001). The double resistance to both metronidazole
and clarithromycin was confirmed in 23% of H. pylori strains. Five percent of H. pylori strains were resistant to levofloxacin, while
primary and secondary resistance to this drug accounted for 2% and 16% (p = 0.006), respectively. In total, 4% of H. pylori strains
were simultaneously resistant to metronidazole, clarithromycin and levofloxacin. Thus, the high resistance to metronidazole and
clarithromycin excludes the possibility of using these drugs for treatment of H. pylori infection without earlier antibiogramming.
Levofloxacin, as a drug of high efficacy against H. pylori, should be reserved for an “emergency” therapy and used in a limited
capacity in order to preserve its potent antimicrobial activity. The Polish Society of Gastroenterology recommends levofloxacin as
a third-line therapy [14].
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Abbreviations: AMX – amoxicillin, CL – clarithromycin, LE
– levofloxacin, MALT – Mucosa-Associated Lymphoid Tissue,
MIC – minimum inhibitory concentration, MTZ – metronida-
zole, NS – not significant, PPI – proton pump inhibitor

Introduction

Helicobacter pylori (H. pylori) plays a significant role
in the pathogenesis of upper alimentary tract diseases.
The organism is an etiological factor of type B gastritis
and is one of the essential risk factors in peptic ulcer
disease, gastric Mucosa-Associated Lymphoid Tissue
(MALT), lymphoma, and gastric carcinoma [1, 11, 13,
21, 25, 26, 35, 36]. The role of H. pylori in extraintesti-
nal diseases has also been suggested [14, 33, 34].

The discovery and isolation of H. pylori occurred
in 1982 by Robin Warren and Barry Marshall. Subse-
quently demonstrating its involvement in the above-
mentioned diseases marked a turning point in gastro-
enterology and contributed to the use of antibacterial
agents to treat these diseases [16, 29].

In 10–15% of H. pylori cases, gastric or duodenal
ulcers are developed, while in 2% of them, neoplastic
changes can occur. The risk of gastric neoplasm in-
creases with prolonged duration of infection [25, 26,
35]. Early introduction of a proper therapy according to
the European Helicobacter Study Group (EHSG)
guidelines results in eradication of the infection, heal-
ing of the ulcers, reduction in relapses, and decreases in
the intensity of mucosal infection. Consequently, the
risk of neoplastic changes is also reduced [26, 28, 35].

At present, in Poland, the obligatory procedures for
management of H. pylori infection, as elaborated upon
by the Working Group of the Polish Society of Gastro-
enterology (Consensus 2008), are based on new guide-
lines of EHSG (Maastricht III 2005) [14, 28].

Despite the introduction of combination therapy,
including either a proton pump inhibitor PPI with two
antibiotics (amoxicillin, clarithromycin and rarely tet-
racycline) or an antibiotic with one chemotherapeutic
(metronidazole or tynidazole), the eradication of H.

pylori is not always complete. The growing resistance
of clinical H. pylori strains to antibacterial drugs rep-
resents one of the major factors responsible for the
failure of eradication [2, 31]. This is why the Maas-
tricht III Consensus Report recommends permanent
local monitoring of H. pylori resistance to antibiotics
to assess the risk of failure of recommended empirical

therapy and also to choose the appropriate antibacte-
rial treatment [28].

The abundance of metronidazole- and clarithromy-
cin-resistant H. pylori strains in Poland and around the
world serves as a stimulus to investigate alternative
combination therapies [9, 15, 27, 31]. Zullo studies and
other have shown, that effective therapy consists of a se-
quential therapy regimen [12, 17, 39]. The therapy is
based on administration of two drugs, PPI and amoxicil-
lin, for the first 5 days, and of three drugs, PPI, clarithro-
mycin, and tynidazole, for the following 5 days. These
studies confirmed the eradication of H. pylori in 95%
of treated patients [39].

Implementation of this treatment strategy may be
of high importance in the eradication of H. pylori in-
fection in children, for whom the drugs recommended
as emergency therapy for adults, tetracycline and qui-
nolone, are contraindicated.

The aim of this study was to assess the primary and
secondary resistance of H. pylori strains isolated from
adult patients from the Ma³opolska region of Poland,
mainly from Kraków and surrounding areas, to anti-
bacterial drugs (amoxicillin, metronidazole, clarithro-
mycin and levofloxacin) used clinically for eradication.

Materials and Methods

Patients, clinical material

This study enrolled a cohort of 115 patients who pre-
sented with dyspepsia and sought care at the Gastro-
logical Outpatient Clinic of the Center of Medical
Care “Falck Medycyna” in Kraków between Decem-
ber 2006 and December 2008. Ninety of the patients
had never been treated for H. pylori infection, while
the other 25 patients were treated and failed to im-
prove during therapy.

The patients underwent gastroscopy, during which
specimens from changed gastric mucosa of the an-
trum and the body regions were biopsied to culture H.

pylori and test drug susceptibility. The bioptates were
transferred to a transportation medium, Portagerm py-
lori (PORT-PYL, bioMérieux, Marcy-l’Etoile, France),
and were then sent to the Department of Pharmaceuti-
cal Microbiology of the Jagiellonian University Medi-
cal College.
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The plan for the study was approved by the Bioethi-
cal Commission of Jagiellonian University, and every
patient consented in writing to participate in the trial.

H. pylori culture and drug-susceptibility testing

Bioptates of gastric mucosa collected from gastroscopy
were homogenized in glass sterile mortars and inocu-
lated onto Schaedler Agar + 5% sheep blood (bioMé-
rieux, Marcy-l’Etoile, France, Oxoid, Basingstoke, UK)
with and without DENT supplementation (Helicobac-
ter pylori Selective Supplement – DENT, Oxoid, Basing-
stoke, UK). The culture was conducted for 3 to 7 days
under microaerophilic conditions at 37°C.

The cultured strains were identified by the macro-
scopic appearance of colonies and positive tests for
urease, catalase and oxidase. Additionally, Gram-
staining of the culture was conducted to verify the
presence of Gram-negative spiral bacteria.

The susceptibility of H. pylori strains to amoxicil-
lin, metronidazole, clarithromycin and levofloxacin
was assessed quantitatively by E-test method (AB
Biodisk, Solna, Sweden), which establishes the low-
est concentration of the drug that inhibits the growth
of the infectious organism (minimum inhibitory con-
centration – MIC).

E-test, according to the Technical Information (AB
Biodisk, Etest Technical Manual) provided, is a quan-

titative technique for determining the antimicrobial
susceptibility of Gram-negative and Gram-positive
aerobic bacteria and fastidious bacteria, such as H. py-

lori. The system comprises a predefined antibiotic
gradient that is used to determine the MIC, in mg/l, of
different antimicrobial agents against microorganisms
as tested on agar media using overnight incubation.

E-test is a thin, inert and non-porous plastic strip. One
side of the strip carries the MIC reading scale in mg/l
and a two or three-letter code on the handle to designate
the identity of the antibiotic. A predefined exponential
gradient of the antibiotic, dried and stabilized, is immo-
bilized on the opposite surface of the strip.

When an E-test gradient strip is applied to an in-
oculated agar surface, there is an immediate and ef-
fective transfer of the preformed antibiotic gradient
on the plastic carrier surface into the agar matrix.
A stable, continuous and exponential gradient of anti-
biotic concentrations is formed directly underneath
the strip. After incubation, whereby bacterial growth
becomes visible, a symmetrical inhibition ellipse cen-
tered along the strip can be seen. The MIC value is
read from the scale in terms of mg/l where the ellipse
edge intersects the strip (Figs. 1, 2).

Pure H. pylori culture grown for 72 h in 0.85%
NaCl (API 0.85% NaCl Medium, bioMérieux, Marcy-
l’Etoile, France) was prepared. The density of the sus-
pension as measured by the densimeter (bioMérieux,
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Fig. 2. Susceptibility of H. pylori clinical strain to levofloxacin as
tested by E-test, an example of a susceptible isolate with MIC value =
0.125 mg/l (MIC > 1 mg/l for resistant strains)

Fig. 1. Susceptibility of H. pylori clinical strain to clarithromycin as
tested by E-test; an example of a resistant isolate with MIC value =
3 mg/l (MIC � 1 mg/l for resistant strains)



Marcy-l’Etoile, France) was equivalent to 3.0 McFar-
land units (approximately 10� CFU/ml). A sterile
swab brush was placed into the suspension and then
a Schaedler Agar with 5% sheep blood plate was in-
oculated followed by an E-test. The culture was
grown for 72 h under microaerophilic conditions at
37°C. Afterwards, the MIC values were recorded.

Resistant strains were defined as those with the fol-
lowing MIC values: amoxicillin > 1 mg/l, metronida-
zole > 4 mg/l, clarithromycin > 1 mg/l and levofloxa-
cin > 1 mg/l [3, 7, 10].

Statistical analysis

The statistical analysis was conducted with the use of
a �

� test. Value of � was set at 0.05 for the analysis.

Results

A total of 115 H. pylori strains were isolated, of which
90 originated from patients who had never been
treated for H. pylori infection (primary strains) and 25
originated from patients where eradication failed (sec-
ondary strains).

All H. pylori strains tested were susceptible to
amoxicillin (Tab. 1). The growth of 95% of primary
strains and 80% of secondary strains was inhibited at
MIC � 0.016 mg/l. Somewhat higher MIC values, but
still in the range of susceptibility to amoxicillin, were
noted for only 5% of primary isolates and for as many
as 20% of secondary isolates (Fig. 3).

The percentage of H. pylori strains resistant to met-
ronidazole accounted for 44%. The primary and sec-
ondary resistance amounted to 37% and 72% (p =
0.002), respectively (Tab. 1). High resistance to met-
ronidazole (MIC � 256 mg/l) was found in 20% and
44% of H. pylori strains isolated from patients before
and after treatment, respectively (Fig. 4).

In total, 34% of H. pylori strains were resistant to
clarithromycin and the ratio of the strains with secon-
dary resistance was significantly greater as compared
to those with primary resistance (80% vs. 21%, p <
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Tab. 1. Comparison of primary and secondary resistance to amoxicil-
lin, metronidazole, clarithromycin and levofloxacin of 115 clinical iso-
lates of H. pylori

Antimicrobial
agent

No. (%) of resistant strains p

All strains Primary
strains

Secondary
strains

(n = 115) (n = 90) (n = 25)

MTZ 51 (44) 33 (37) 18 (72) 0.002*

CL 39 (34) 19 (21) 20 (80) < 0.001*

LE 6 (5) 2 (2) 4 (16) 0.006*

AMX 0 0 0 NS

MTZ – metronidazole, CL – clarithromycin, LE – levofloxacin, AMX –
amoxicillin; p (�� test), the value p � 0.05 was deemed statistically
significant; * statistically significant differences in resistance to MTZ,
CL and LE between primary and secondary strains; NS – non-
significant difference in resistance to AMX between primary and sec-
ondary strains

Fig. 3. Activity of amoxicillin against pri-
mary and secondary H. pylori strains
expressed by MIC values (MIC > 1 mg/l
for resistant strains). H. pylori strains
were defined as susceptible when the
MICs of amoxicillin were between
0.016 mg/l and 1 mg/l. Strains resistant
to amoxicillin were not detected (MIC
values > 1 mg/l). Non-significant differ-
ence in resistance to AMX between
primary and secondary strains (p >
0.05)



0.001) (Tab. 1). The MIC � 0.016 mg/l was noted for
74% of primary strains and only for 20% of secondary
strains. For the rest of the strains, the MIC values
were between 0.38 and 64 mg/l, which corresponds to
an intermediate susceptibility or resistance (Fig. 5).

A double resistance to both metronidazole and
clarithromycin was confirmed in 23% (27/115) of
H. pylori strains. For these drugs, the percentages
of primary and secondary resistant strains accounted
for 13% (12/90) and 60% (15/25), respectively.
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Fig. 4. Activity of metronidazole against
primary and secondary H. pylori strains
expressed by MIC values (MIC > 4 mg/l
for resistant strains). H. pylori strains
were defined as susceptible when the
MICs of metronidazole were between
0.016 mg/l and 4 mg/l. MIC values for
resistant strains were more than 4 mg/l
to 256 mg/l. Statistically significant dif-
ference in resistance to MTZ between
primary and secondary strains (p �

0.05)
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Fig. 5. Activity of clarithromycin against
primary and secondary H. pylori strains
expressed by MIC values (MIC � 1 mg/l
for resistant strains). H. pylori strains
were defined as susceptible when the
MICs of clarithromycin were between
0.016 mg/l and 0.25 mg/l. MIC value
for intermediate susceptible strains
was 0.5 mg/l. MIC values for resistant
strains were between 1 mg/l and 256
mg/l. Statistically significant difference
in resistance to CL between primary
and secondary strains (p � 0.05)

Fig. 6. Activity of levofloxacin against
primary and secondary H. pylori strains
expressed by MIC values (MIC > 1 mg/l
for resistant strains). H. pylori strains
were defined as susceptible when the
MICs of levofloxacin were between
0.002 mg/l and 1 mg/l. MIC values for
resistant strains were more than 1 mg/l
to 32 mg/l. Statistically significant dif-
ference in resistance to LE between
primary and secondary strains (p �

0.05)



Five percent of H. pylori strains were resistant to
levofloxacin and primary and secondary resistance to
this drug accounted for 2% and 16% (p = 0.006),
respectively (Tab. 1). The activity of levofloxacin
against the tested strains was reasonably high with
a predominance of MIC values ranged between
0.032 mg/l and 0.125 mg/l for 89% of primary iso-
lates and 76% of secondary (Fig. 6).

It is notable that 4% (5/115) of strains showed si-
multaneous resistance to three drugs: metronidazole,
clarithromycin and levofloxacin. The ratio of strains
with primary and secondary resistance to these drugs
accounted for 1% (1/90) and 16% (4/25), respectively.

Discussion

Susceptibility of a bacterium to antibiotics and che-
motherapeutics represents one of the most important
factors in determining the potential effectiveness of
H. pylori infection treatments. It was proven that re-
sistance to clarithromycin and, in a lesser extent, to
metronidazole, is responsible for the failure of thera-
pies that include these drugs. In the case of strains sus-
ceptible to clarithromycin, the eradication amounted to
87.8%, while in the case of strains resistant to this anti-
biotic, the eradication dropped to 18.3%. The suscep-
tibility to metronidazole resulted in 97% eradication,
while resistance to this chemotherapeutic resulted in
a 25% decrease in eradication [31].

Since the 1990s, when clarithromycin was intro-
duced as a therapy that can be used to treat H. pylori,
a growing number of H. pylori clarithromycin-
resistant strains have been observed in many coun-
tries. This is probably a result of the frequent use of
the drug in dental and respiratory system infections
[5, 15, 22, 30, 31].

The geographic differences in the percentage of re-
sistant strains can likely be associated with prescrib-
ing patterns, administration, and cost. It was demon-
strated that the percentage of resistant strains is pro-
portional to the yearly consumption of this antibiotic
[5, 24, 31]. The percentages of resistant strains differ
also between age groups (children and adults), which
probably results from the increased prescription of
macrolides notably in children for respiratory tract in-
fections [5, 15, 24, 31].

The study conducted in Kraków between 1999 and
2002 revealed that a total of 48.6% of strains were re-

sistant to clarithromycin, where the ratio of strains
with secondary resistance (66.7%) was considerably
higher than that of strains isolated from patients be-
fore treatment (22.2%) [37]. Somewhat different re-
sults were obtained in studies conducted between
2001 and 2004 in other centers in Poland (Warszawa,
P³ock, Rzeszów, Sanok, Katowice), where a total of
28% of H. pylori strains were resistant to clarithromy-
cin [15]. The primary resistance to this antibiotic was
almost the same as in the aforementioned Kraków
study, accounting for 22% of cases, whereas the per-
centage of the strains with secondary resistance was
lower, at 54% [15]. The results of primary resistance
to clarithromycin obtained by centers involved in the
studies showed considerable differences from region
to region (ranging from 0% to 33%) as well as be-
tween adults (15%) and children (28%) [15].

In our study, the percentage of strains primarily re-
sistant to clarithromycin was close to the abovemen-
tioned results and accounted for 21%, indicating that
primary resistance to this drug has not increased.
However, the secondary resistance was considerably
higher, at 80%.

Maastricht III Consensus 2005 recommends ex-
cluding the use of clarithromycin or, prior to includ-
ing it as a part of eradication therapy, perform an anti-
biogram if, in a given population, primary resistance
of H. pylori strains to clarithromycin is higher than
15–20% [28]. Therefore, according to the above data,
in Poland, especially in the Ma³opolska region,
clarithromycin should not be used in the treatment of
H. pylori infection without a preliminary assessment
of drug susceptibility.

As was shown in our analysis of MIC distribution,
clarithromycin may still be a highly effective drug,
but only in patients infected with susceptible strains.

It was shown that resistance to clarithromycin usu-
ally results in the failure of eradication therapy [6].
For that reason, susceptibility to this drug should be
determined before every administration.

In many countries, high percentages of H. pylori

strains that are primarily resistant to metronidazole are
reported (South Korea: 66.2%, Mexico: 58%, Brazil:
55%), which probably results from the widespread use
of low-cost nitroimidazoles in the treatment of para-
sitic, dental and gynecological infections [8, 20, 23].

Between 1999 and 2002 in Kraków, a total of
58.5% of strains were noted to be resistant to metroni-
dazole. Primary and secondary resistance was rea-
sonably high and accounted for in 46.7% and 66.7%
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of cases, respectively [37]. Comparable results were
obtained in Poland-wide studies conducted in the pe-
riod of 2001–2004, in which the primary resistance to
metronidazole accounted for 41% and the secondary
for 68% of the instances. The total resistance to this
chemotherapeutic reached 46% [15]. Similarly, in our
study, the resistance to metronidazole amounted to
44%. Only 37% of strains isolated from patients prior
to treatment were resistant to metronidazole. How-
ever, the ratio of strains with secondary resistance was
somewhat higher and accounted for 72%.

Despite high resistance to metronidazole reported
in many countries, Maastricht III Consensus Report
2005 does not recommend a routine determination of
H. pylori susceptibility to this drug, as the resistance
of H. pylori to metronidazole in vitro does not neces-
sarily correspond with the resistance seen in vivo.
Moreover, the methods for determination of H. pylori

susceptibility to this chemotherapeutic agent require
more standardization [19, 28].

Due to frequent use of metronidazole and clarithro-
mycin in the treatment of H. pylori infection, the strains
resistant to both drugs are being found more often [31].

In Poland, according to the studies conducted be-
tween 1999 and 2004, the percentage of H. pylori strains
with double primary resistance to metronidazole and
clarithromycin accounted for 15.5% or 13%, depending
on the study [15, 37]. Similar results were obtained in
our study, which revealed 13% of such strains.

Resistance of H. pylori to amoxicillin is very low
all over the world and, in most countries, has not been
noted [31]. This finding was confirmed by Poland-
wide studies conducted in the years 1999 to 2004 as
well as by our study, which revealed that all H. pylori

strains were susceptible to amoxicillin. This situation
has not changed for years, despite the frequent use of
amoxicillin in H. pylori eradication, as well as in the
treatment of other infections [15, 37]. The exceptions
are Brazil and South Korea, where high ratios of
amoxicillin resistant strains were found to be 38% and
18.5%, respectively [20, 23].

As can be seen from our present study, although
amoxicillin is still a highly effective antibiotic, the
shift in MIC for this drug towards higher values could
be of concern. This phenomenon is most apparent in
cases of strains that have been isolated from patients
after treatment. This means that the emergence of fu-
ture resistant strains to this drug could result in a drop
of effectiveness in H. pylori infection treatment.

Recently, new hopes were raised with the introduc-

tion of levofloxacin for eradication therapy. Trials

have confirmed an improvement in the effectiveness

of eradication of H. pylori with the use of levofloxa-

cin [18, 32].
However, in some countries, such as South Korea,

Italy or Belgium, the percentages of strains primarily

resistant to this drug are reasonably high and account

for 21.5, 19.1 and 16.8%, respectively [3, 23, 38].

Most likely, these figures reflect high usage of fluoro-

quinolones in the treatment of various infections.
In our study, a total of 5% of strains were resistant

to levofloxacin, but primary resistance was signifi-

cantly lower in comparison to the above-cited results

and accounted for 2% of cases, while the ratio of

strains with secondary resistance was 16%. Taking

into account a wide distribution range of the levo-

floxacin MIC values against H. pylori strains, one can

predict that the ratio of strains resistant to this drug

will increase in the future. The use of levofloxacin

seems to be justified only in the treatment of serious

cases, as resistance to this drug is readily acquired by

bacteria [9].
It is especially worth emphasizing that in our study,

4% of H. pylori strains were resistant to three out of

four tested drugs, which included metronidazole,

clarithromycin and levofloxacin. Multi-resistance

among H. pylori strains was also noted in other coun-

tries, such as Italy, Bulgaria, Brazil and South Korea

[4, 20, 23, 38]. These findings raise concerns about

effective H. pylori eradication in the future.
Our study contains some limitations, including

missing data on susceptibility of H. pylori strains that

were present in the group of 25 patients before the

failed eradication occurred. Perhaps the very high ratio

of strains with secondary resistance to clarithromycin

and metronidazole in our study was caused by resistant

strains present in some patients prior to treatment.
In summary, a high ratio of H. pylori strains resis-

tant to metronidazole and clarithromycin, which are

fundamental drugs used in the treatment of H. pylori

infection, and the emergence of multi-resistant iso-

lates indicate the necessity to replace the first-line em-

pirical treatment with targeted treatment in accor-

dance with a performed antibiogram. This will im-

prove the effectiveness of the treatment and slow the

growth of resistance. Levofloxacin should be reserved

for emergency therapy only.
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