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Abstract
The main problem of Helicobacter pylori  (H. pylori ) 
infection management is linked to antibiotic resistances. 
This phenomenon has grown in the last decade, 
inducing a dramatic decline in conventional regimen 
effectiveness. The causes of resistance are point 
mutations in bacterial DNA, which interfere with 
antibiotic mechanism of action, especially clarithromycin 
and levofloxacin. Therefore, international guidelines 
have recently discouraged their use in areas with a 
relevant resistance percentage, suggesting first-line 
schedules with expected high eradication rates, i.e. , 
bismuth containing or non-bismuth quadruple therapies. 
These regimens require the daily assumption of a large 
number of tablets. Consequently, a complete adherence 
is expected only in subjects who may be motivated 
by the presence of major disorders. However, an 
incomplete adherence to antibiotic therapies may lead 
to resistance onset, since sub-inhibitory concentrations 
could stimulate the selection of resistant mutants. Of 
note, a recent meta-analysis suggests that susceptibi-
lity tests may be more useful for the choice of first 
than second-line or rescue treatment. Additionally, 
susceptibility guided therapy has been demonstrated to 
be highly effective and superior to empiric treatments 
by both meta-analyses and recent clinical studies. 
Conventional susceptibility test is represented by culture 
and antibiogram. However, the method is not available 
everywhere mainly for methodology-related factors and 
fails to detect hetero-resistances. Polymerase chain 
reaction (PCR)-based, culture-free techniques on gastric 
biopsy samples are accurate in finding even minimal 
traces of genotypic resistant strains and hetero-resistant 
status by the identification of specific point mutations. 
The need for an invasive endoscopic procedure has 
been the most important limit to their spread. A 
further step has, moreover, been the detection of point 
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mutations in bacterial DNA fecal samples. Few studies 
on clarithromycin susceptibility have shown an overall 
high sensitivity and specificity when compared with 
culture or PCR on gastric biopsies. On these bases, 
two commercial tests are now available although they 
have shown some controversial findings. A novel PCR 
method showed a full concordance between tissue and 
stool results in a preliminary experience. In conclusion, 
despite poor validation, there is increasing evidence 
of a potential availability of noninvasive investigations 
able to detect H. pylori  resistances to antibiotics. These 
kinds of analysis are currently at a very early phase 
of development and caution should be paid about 
their clinical application. Only further studies aimed to 
evaluate their sensitivity and specificity will afford novel 
data for solid considerations. Nevertheless, noninvasive 
molecular tests may improve patient compliance, time/
cost of infection management and therapeutic outcome. 
Moreover, the potential risk of a future increase of 
resistance to quadruple regimens as a consequence 
of their use on large scale and incomplete patient 
adherence could be avoided.
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Core tip: The main problem of Helicobacter pylori  (H. 
pylori ) infection management is linked to antibiotic 
resistances. They are due to point mutations in 
bacterial DNA. Polymerase chain reaction-based, 
culture-free techniques on gastric biopsy samples are 
accurate in finding minimal traces of genotypic resistant 
and hetero-resistant strains. The need for endoscopic 
procedure is the most important limit to their spread. 
Therefore, the further step has been the detection 
of point mutations in bacterial DNA fecal samples. 
There is increasing evidence of potential availability 
of noninvasive investigations able to detect H. pylori  
resistances to antibiotics, which may lead to tailored 
first-line therapies.
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INTRODUCTION
Recently, studies about Helicobacter pylori (H. pylori) 
infection worldwide have shown some challenging 
truths: (1) bacterium spreading is still ongoing[1]; 
(2) for no other infection such a large number of 
therapeutic regimens has been proposed[2]; (3) 

the results are controversial: the same pattern can 
give exciting or disappointing results depending 
on geographical areas[3]; and (4) although many 
experts claim that there are no intractable but only 
inadequately treated H. pylori strains, currently no 
study in the world has displayed a 100% therapeutic 
success rate, i.e., the ideal therapy does not still 
exist[4].

It is undeniable that above listed problems are 
related to the matter of antibiotic resistances[5]. The 
magnitude of the phenomenon has grown in the last 
decade, thus both inducing a dramatic decline in the 
effectiveness of conventional treatment regimens and 
stimulating the exploration of the basis of antibiotic 
failure. Resistances may be divided into: (1) primary: 
present in subjects never treated for H. pylori; (2) 
secondary: acquired after one or more treatment 
schedules; and (3) hetero-resistance: coexistence 
of both susceptible and resistant strains in the same 
subject[6].

The causes of resistance are point mutations in 
bacterial DNA, which interfere with the mechanism 
of action of the different antibiotics. Clarithromycin, 
used for a long period as the key-antibiotic in many 
regimens, inhibits protein synthesis of the bacterium 
by acting at 23S ribosome subunit[7]. A dozen of 
point mutations in this site have been described 
worldwide. In Italy, the presence of six of them have 
been observed[8]. However, only three are responsible 
of most resistances in developed countries[7]. 
Interestingly, the main 23S DNA changes inducing 
clarithromycin resistance are dissimilar in Western 
and Eastern countries. These concerns depict a 
heterogeneous scenario of clarithromycin resistance 
in the different geographic areas[3]. On the other 
hand, levofloxacin mechanism of action involves the 
inhibition of gyrase enzyme with a consequent failure 
of bacterial DNA synthesis[6]. GyrA gene codifies for 
gyrase enzyme. Five point mutations in this site, 
able to induce resistance to this antibiotic, have been 
observed[9].

THERAPEUTIC STRATEGIES
On these bases, key international guideline agencies 
have recently discouraged the use of clarithromycin 
and levofloxacin in areas with a resistance rate 
higher than 15% in first and second-line regimens, 
respectively[10,11]. Nevertheless, guidelines are 
designed for the clinical practice within an empirical 
setting, i.e., where susceptibility testing is unavailable, 
epidemiological data are taken into account to allow 
for the rational use of antibiotics. Therefore, suggested 
first line schedules are those with an expected high 
overall eradication rate, i.e., bismuth containing 
quadruple therapy or non-bismuth concomitant 
quadruple therapy[10,11] according to Maastricht V and 
Toronto guidelines. However, the 2009 Asia-Pacific 
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guidelines suggest 14-d triple therapy or bismuth 
containing quadruple in first line, stating, moreover, 
that sequential therapy is not supported by convincing 
data in Asian countries[12]. On the other hand, the 
comparison of an old and outdated treatment vs a 
more recent and successful one should not put forward 
any doubt about the outcome.

A first observation which can be moved to this 
strategy is that these regimens require the daily 
assumption of a high number of tablets (14 and 8, 
respectively)[13]. An evident problem arising from 
this issue is related to the compliance of patients. A 
complete adherence is expected by subjects who may 
be motivated by the presence of major conditions, such 
as MALT lymphoma, family history of gastric cancer 
or peptic ulcer, particularly when complicated with 
episodes of bleeding, and the need for a concomitant 
long-term assumption of nonsteroidal anti-inflammatory 
drugs[13]. On the other hand, H. pylori positive dyspeptic 
or asymptomatic population probably may not be 
driven by similar motivations, given that in most cases 
the eradication of the bacterium is not accompanied by 
a tangible clinical benefit[14]. However, an incomplete 
adherence to an antibiotic therapy may be an important 
reason of resistance onset, since sub-inhibitory 
concentrations in the vicinity of H. pylori could stimulate 
the selection of resistant mutants[15]. 

Bismuth containing quadruple therapy encloses 
the use of tetracycline, which, currently, shows very 
low resistance percentages in Europe with a trend to 
increase from West towards East (1%-5%)[3]. However, 
in Asia even tetracycline resistance rates of 19% are 
reported[16]. Therefore, an interesting question for the 
future could be represented by the risk of an increase 
of resistance to this antibiotic due to its use on a large 
scale and the incomplete patient adherence to its 
intake[17]. On the other hand, metronidazole resistance 
reaches high values worldwide especially in Asian 
regions, where it is generally estimated not lower than 
50%[3]. No data regarding bismuth resistance has been 
described at the best of our knowledge.

Concomitant therapy implies the use of three 
conventional antibiotics with the evident aim to 
overcome the resistance to each single drug by the 
overall combined effect of the regimen. Presumably, 
for this reason, concomitant schedule is suggested as 
the treatment of choice, when compared to sequential 
therapy[18].

A final point concerns the duration of suggested 
first line therapies. Commercial kit of bismuth 
containing quadruple therapy provides a pill number 
necessary for a 10-d schedule and the same period 
is the minimal time requested for concomitant re-
gimen. Nevertheless, a prolongation to 14-d of both 
treatments seems to improve their effectiveness[10,11].

TAILORED THERAPY
A meta-analysis by Wenzhen et al[19] carried out 

in 2010, suggested that first-line susceptibility-
guided triple therapy achieved a significantly higher 
H. pylori eradication than standard triple therapy. 
A successive similar analysis by López-Góngora et 
al[20] was performed in 2015 and included twelve 
studies, clearly demonstrating that susceptibility-
guided therapy was superior to empirical one. 
However, the same study also revealed no significant 
differences between second-line susceptibility-guided 
and empirical therapies. Moreover, the low number 
of studies and their high heterogeneity did not allow 
drawing any conclusion for rescue treatments, despite 
current guidelines recommend culture and antibiotic 
susceptibility test after first and second-line regimen 
failure. An interesting and original learning could 
emerge from the data of this last meta-analysis, i.e., 
susceptibility tests may be more likely useful for the 
choice of first than second-line or rescue treatment. 
Two recent studies performed in 2016 in Poland and 
China confirmed the excellent performance of tailored 
therapy as first line approach. Indeed, a Polish trial 
demonstrated that a culture guided triple therapy 
in first line may achieve the 95.5% and 96.6% of 
success rate, at per protocol and intention to treat 
analysis, respectively[21]. Additionally, Zhou et al[22] 

demonstrated that a susceptibility based treatment in 
first line achieved a gain of about 10% in eradication 
rate over empiric concomitant or triple plus bismuth 
regimens.

INVASIVE SUSCEPTIBILITY TESTS
Conventional susceptibility test is represented by 
culture and antibiogram (E-test) in H. pylori isolates. 
Nevertheless, this investigation is recommended 
by current guidelines only after repeated treatment 
failures. The reasons hampering its widespread use are 
mainly due to relatively high rate of false negatives, 
often showing a low sensitivity[23]. Moreover, the method 
is not available everywhere mainly for methodology-
related factors (number of gastric biopsies/time-
consuming endoscopic procedures, conditions/interval 
of biopsy sample transport, laboratory characteristics 
and time needed for the result of the investigation). Of 
note, a failure of E-test in hetero-resistance detection 
has been observed[24].

On these bases, in the last years, different 
polymerase chain reaction (PCR)-based approaches 
have been developed as alternative tools to bacterium 
culture. These techniques allow assessing, on gastric 
biopsy samples, point mutations responsible for 
antibiotic resistance[25]. PCR-based, culture-free 
techniques are accurate in finding even minimal traces 
of genotypic resistant strains as well as in detecting 
hetero-resistant status[26]. In detail, in our experience 
a post-hoc subgroup study, enrolling 146 H. pylori 
positive patients and comparing real time (RT)-PCR 
(genotypic) and E-test on bacterial culture (phenotypic) 
for clarithromycin resistance analysis, showed an 
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for clarithromycin resistance compared to culture. 
On these bases two commercial tests are now 

available. A first noninvasive investigation using stool 
polymerase chain reaction (H pylori ClariRes assay, 
Ingenetix, Vienna, Austria) analyzed the A2142G 
mutation for clarithromycin resistance[38]. However, the 
presence of the other two major mutations responsible 
for the resistance to this antibiotic in developed 
countries (A2143G and A2142C) was not shown 
directly, but only hypothesized on the basis of some 
RT-PCR cycle temperature parameters. Successively, 
another molecular commercial test was developed, i.e., 
the Genotype HelicoDR assay (Hain Lifescience GmbH, 
Nehren, Germany), which allows for the detection 
of molecular H. pylori resistances to clarithromycin 
and fluoroquinolones[39,40]. It identifies both the most 
common point mutations (A2146C, A2146G and 
A2147G) for clarithromycin resistance and gyrA gene 
mutations located at positions 87 (N87K) and 91 
(D91N, D91G, D91Y) for fluoroquinolone one. This 
investigation has been used in tissue samples and only 
recently applied to stool H. pylori DNA[41]. However, a 
low concordance between stool and biopsy samples for 
clarithromycin and fluoroquinolone resistance detection 
was found.

At the same time of HelicoDR assay use on stool 
samples, we preliminarily experienced a novel RT-PCR 
method (THD Fecal Test, Italy) in order to investigate 
clarithromycin resistance mutations in bacterial stool 
DNA[42]. The procedure showed a full concordance 
between tissue and stool results in 52 consecutive 
patients at the first diagnosis of infection. We found 
A2143G mutation in 10 (19.2%), A2142G in 4 (7.7%) 
and A2142C in 5 (9.6%) patients with an overall 
clarithromycin resistance rate of 23%. Of interest, a 
preliminary experience “in vitro” demonstrated that 
the presence of fecal material (300 mg) increased the 
amount of colony forming units (CFU)/mL required 
to obtain a positive result of the detection of bacterial 
DNA. In detail, a clear positivity was reached by a 
concentration of 1.5 × 10 CFU/mL of pure bacteria and 
1.5 × 103 of stool-mixed organisms. At the moment, 
a double-blinded study involving an adequate patient 
sample size is ongoing with the purpose to establish 
sensitivity, specificity, positive and negative predictive 
values of this noninvasive technique. 

CONCLUSION
Despite the lack of a validation, there is increasing 
evidence of a potential future availability of noninvasive 
investigations able to detect H. pylori resistances to 
antibiotics, such as clarithromycin and quinolones, 
which have been commonly used until now. These 
techniques, when performed before a first-line the-
rapy, could allow ascertaining a subgroup of strains 
still sensitive to these drugs and, therefore, patients 
benefiting from old regimens, whose administration 

overall prevalence of clarithromycin phenotypic 
resistance significantly lower than genotypic one. A 
concordance of 71.2% between the two methods was 
found. This value of concordance may be due to three 
main factors: the relative low sensitivity of phenotypic 
investigation, its lack of hetero-resistance detection 
and the possibility that E-test may identify resistant 
strains with point mutations different from that tested 
by RT-PCR in the study. 

Molecular tests have been reported as promising 
approaches for resistance detection[26,27] even if they 
are not used in the clinical practice. The need for an 
invasive endoscopic procedure has been the most 
important limit to their spread. Therefore, many 
attempts have been performed in order to overcome 
this drawback. 

NONINVASIVE MOLECULAR TESTS
Since 1996, our group demonstrated the possibility 
of H. pylori DNA isolation from stool samples[28]. 
Successively, other evidences confirmed this diag-
nostic chance[29-31]. A further step was undoubtedly 
represented by the detection of point mutations 
conferring antibiotic resistance in bacterial DNA fecal 
samples. Table 1 reports the main studies on antibiotic 
susceptibility (clarithromycin) performed on H. pylori 
stool DNA by RT-PCR[32-38]. For each study, diagnostic 
accuracy parameter and reference standard are 
reported. An overall high sensitivity and specificity has 
been observed when fecal molecular tests have been 
compared with culture and RT-PCR on gastric biopsies. 
This kind of investigation is of particular interest in the 
pediatric population for the need of limiting the use of 
invasive procedures. In detail, two studies[35,38] have 
been performed in children. Booka et al[35] found a 
91% of diagnostic accuracy in reference to H. pylori 
antigen stool and a 31% prevalence of clarithromycin 
resistance in Japanese children. A similar result was 
obtained by Vécsei et al[38] in Austria with a diagnostic 
accuracy of 90.2% for bacterium detection compared 
to rapid urease test and histology as well as of 94% 

Table 1  Antibiotic susceptibility (clarithromycin): studies on 
Helicobacter pylori  stool DNA by real time polymerase chain 
reaction

Ref. Reference 
standard

Sensitivity Specificity Clarithromycin 
resistance

Scaletsky et al[32] PCR on 
gastric biopsy

  83.3% 100.0% 26.7%

1Vécsei et al[38] Culture   89.2% 100.0% 45.1%
Noguchi et al[33] Culture NA NA 20.4%
Rimbara et al[34] Culture   96.6%   91.3% 13.3%
1Booka et al[35] Culture NA NA 31.0%
Schabereiter-
Gurtner et al[36]

Culture   98.0%   98.0% 24.4%

Fontana et al[37] Culture 100.0% 100.0%   1.6%

1Pediatric population. NA: Not assessed.
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has been at the moment discouraged by current 
guidelines. However, non invasive molecular test 
are currently at a very early phase of development; 
therefore cautions should be paid when discussing 
about their possible clinical applications. Only further 
studies aimed to evaluate sensitivity and specificity 
of molecular tests will afford novel data to make 
more solid considerations. Indeed, a noninvasive 
susceptibility test may achieve some potential 
advantages, thus improving patient compliance, 
time/cost of infection management and therapeutic 
outcome. Finally, the potential risk of a future increase 
of resistance to quadruple regimens, suggested in first-
line by guidelines, as a consequence of their use on a 
large scale and incomplete patient adherence could be 
avoided[16].
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