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The relationship between H. pylori clarithromycin resistance and genetic pattern distribution
has been differently explained from different geographic areas. Therefore, we aimed to
assess the clarithromycin resistance rate, to evaluate the bacterial genetic pattern, and to
search for a possible association between clarithromycin resistance and cagA or vacA
genes. This prospective study enrolled 62 consecutive H. pylori infected patients. The
infection was established by histology and rapid urease test. Clarithromycin resistance,
cagA and vacA status, including s/m subtypes, were assessed on paraffin-embedded antral
biopsy specimens by TagqMan real time polymerase chain reaction (PCR). Primary
clarithromycin resistance was detected in 24.1% of cases. The prevalence of cagA was
69.3%, and a single vacA mosaicism was observed in 95.1% cases. In detail, the sIml was
observed in 23 (38.9%) patients, the sIm2 in 22 (37.2%), and the s2m2 in 14 (23.7%),
whereas the s2ml combination was never found. The prevalence of cagA and the vacA
alleles distribution did not significantly differ between susceptible and resistant strains.

Primary clarithromycin resistance is high in our area. The sIml and sim2 are the most
frequent vacA mosaicisms. There is no a relationship between clarithromycin resistance

and bacterial genotypic pattern andfor cagA positivity.
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Helicobacter pylori (H. pylori) genoma is character-
ized by two main genes: cagd and vacA. The cagA
pathogenicity-island is a marker of enhanced virulence,
associated with development of major gastroduodenal
diseases, such as peptic ulcer and gastric cancer
(Atherton ef al., 1995; van Doorn et al., 1998), whilst
vacA gene shows a complex structure. It is composed
by two variable regions — s-region (signal region) and
m-region (middle region) — each with two different
alleles (s, s2, ml, m2). The production of vacuolating
toxin occurs in the presence of the mosaic combination
of the alleles of the two regions. In detail, either
siml and sIm2 mosaicism has been associated with
severe gastric disease. H. pylori infection could be
sustained by single or multiple strains (i.e. co-infection),
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as demonstrated by the heterogeneity for both cagd
gene and vacA (Han ef al., 1998; Kauser et al., 2005).

Since clarithromycin resistance diffusion worldwide
represents, at the moment, a problem of paramount
relevance, some attempts have been performed in order
to identify its relationship with bacterial genetic factors.
The possibility of co-infection with multiple strains
seems to be higher when H. pylori colonization is
sustained by clarithromycin susceptible than to resistant
strains (van Doorn et al., 2001). On the other hand, it
has been recently reported a strong association between
clarithromycin resistant bacteria and the presence of
both cagA and sim2 vacA allele combination (100%
resistant and less than 50% susceptible strains) (Elviss
et al., 2004) thus suggesting that this genetic pattern
could provide a selective advantage during bacterial
replication. Moreover, a transformation of cagd/s! neg-
ative into positive strains simultaneously to the acquisi-
tion of antibiotic resistance has been demonstrated “in
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vitro” of Yakoob et al. (2004). In overall contrast with
these findings, a high probability of the co-infection
with multiple vac4 mosaicisms in the presence of
clarithromycin resistance has been described (Cellini
et al., 2006). Despite all these evidences, none of these
explanations appears to be supported by unambiguously
convincing data of a preferential association between
macrolide resistance and a single genotypic pattern,
since no theoretical basis may be put forward to pre-
dict an association between antibiotic resistance and
cagAlvacA genotype, as such loci appear to be neither
physically nor functionaily linked by genomic organ-
ization (Alm et al., 1999; Godoy et al., 2003).

On the bases of these controversial data, we per-
formed this study in order to assess the clarithromycin
resistance rate, to evaluate the distribution of H. pylori
genetic pattern in our geographic area, and to further
verify a possible association between clarithromycin
resistance and cagA or vacA genes.

Materials and Methods

Patients

Two or more antral biopsy specimens (anterior and
posterior wall) of H. pylori positive dyspeptic patients
consecutively observed in the two participating centres
(Foggia, Southern; Roma, Central; Italy) were collected.
In these areas clarithromycin resistance rate as well as
the race of participating patients did not differ (De
Francesco et al., 2006b). H. pylori infection was con-
sidered present when bacteria were detected at both
histology (Giemsa staining), jointly with an active
chronic gastritis (Haematoxylin/Eosin), and rapid urease
test. The study enrolled only patients never previously
treated for H. pylori infection. Patients having taken
proton pump inhibitors or antibiotics during the previous
8 weeks before endoscopy were excluded. Informed
consent was obtained from each patient.

Reagents and Instruments

Nucleo-SpinnTissue (Macherey-Nagel GmbH and Co,
Germany), E-Test (AB Biodisks, Sweden), primers
Hp23-F Wizard PCR preps (Promega, USA), Dye
Terminator 3.1 Ready Reaction Kit (Applied Biosystems
Division, USA), automated DNA sequencer ABI Prism
377 (Applied Biosystems, USA), Sequence Navigator
software package (Applied Biosystems, USA), Express
program and Genotyping Assay Service (Applied
Biosystems, USA), Universal PCR Master Mix (Applied
Biosystems, USA), ABI Prism 7900HT instrument
(Applied Biosystems, USA), Sequence Detector software
(Applied Biosystems, USA)

Clarithromycin resistance assessment
Clarithromycin resistance in H. pylori is mainly sus-
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tained by 3 point mutations in the 23S rRNA
(A2142C, A2142G, and A2143G) (Megraud, 2004).
For molecular analysis, we used a novel method
(TagMan real time PCR) which has been firstly used
for Mycobacterium tuberculosis detection (Wada ef
al., 2004) and successively for H. pylori DNA se-
quencing on paraffin-embedded samples (Lascols et
al., 2003), as we have previously reported (De Francesco
et al., 2004).

The investigators (M. M. and F. G.) who performed
the real-time PCR for genotyping resistance were
blinded for all demographic and clinical characteristics
of patients. The methods were performed in one only
Centre (Bari) where 10 p sections of paraffin embedded
samples from each Centre were collected.

Our methods were validated by comparing real-time
TagMan PCR detection of bacterial DNA with rapid
urease test, urea breath test and histology with the
100% sensitivity and specificity. Moreover, in order to
evaluate the lower limit of detection of real-time PCR
protocol, serial dilutions of H. pylori DNA extracted
from paraffin-embedded sections and bacterial culture
were processed. Serial dilutions ranging from 100 ng
to 100 fg of DNA were performed before real-time
PCR and a linearity of amplification was obtained
until 500 fg. The amplification efficiency of DNA from
paraffin-embedded sections was identical to that
obtained of DNA samples from bacterial colonies.

A\

Assessment and amplification of cagA and vacA

The extracted DNA was subjected to PCR for de-
tection of cagd H. pylori gene, using the primers
described by Tummuru et al. which amplified a region
of 400 bp (Tummuru et al, 1993), and the vacA
gene, using primers described by Atherton er al.
(1995), which evaluated the midregion (m) and the
region encoding for the signal peptide (s) of the gene.
Four different PCR products were obtained: s/ (259
bp) or s2 (286 bp) from the s-region, and m! (290
bp) or m2 (352 bp) from the m-region. The details of
the method have been previously reported by us (De
Francesco et al., 2004). Even in this case, the amplifi-
cation efficiency of DNA from paraffin-embedded
sections was identical to that obtained of DNA
samples from bacterial colonies in detecting bacterial
genomic monoclonality and polyclonality.

Statistical analysis

Differences between groups were statistically eval-
vated by using the Student’s t-test for unpaired data,
Chi-square test with Yate’s correction for small numbers,
and Fisher’s exact probability test, as appropriate.
Differences were considered significant at 5% proba-
bility level. Statistical analysis was performed using a
specific software (Statsoft 6.0 program for Windows 98.00).
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Results

cagA gene and vacA mosaicism distribution

The cagA and vacA (s and m region) genotypes were
assessed in 62 H. pylori infected patients (Mean age:
48.8 £ 13.7 years; 32 males). The cagd gene was de-
tected in 43 (69.3%) cases. As far as vacA gene is
concerned, the s/ allele was found in 43 (72.8%)
strains, and the m/ allele in 22 (37.2%) cases. A restrict
bacterial clonality i.e. a single mosaic combination of
s/m region was observed in 59 (95.1%) patients, whilst
a colonization with a double vac4A mosaic combination
was detected only in 3 patients, which were excluded
from further statistical analysis. In detail, the s/m/
combination was observed in 23 (38.9%) patients, the
sIm2 in 22 (37.2%), and the s2m2 in 14 (23.7%),
whilst the remaining s2m/ combination was never
found in our series. The distribution of vac4 mosaicism
according to cagd gene is provided in the Table 1. As
shown, the s2m2 combination was detected more
frequently in the cagAd negative than in cagA positive
strains (52.7% vs 10%; p = 0.0002).

Clarithromycin resistance relationship with cagA and
vacA

Clarithromycin resistance assessment showed that 47
patients (75.8%) were infected with susceptible strains
and 15 (24.2%) with resistant bacteria, including 4
purely resistant and 11 heteroresistant strains. In detail,
the A2143G point mutation was detected in 8 cases, the
A2142C in 6, whilst a double point mutation (A2143G
plus A2142C) was found in the remaining case.

Table 1. vacA mosaicism distribution between cagA-positive and
negative strains

cagA positive cagA negative

(40 patients) (19 patients) P
Siml 18 (45%) 5 (26.3%) NS
S1m2 18 (45%) 4 (21.0%) NS
S2m2 4 (10%) 10 (52.7%) 0.0002

Table 2. vacA mosaicism distribution between cagA-positive and
negative strains

Single strain (59 pts) Multiple strains

(3 pts)
sim2 siml
Claritromycin simli sim2 s2m2 plus plus
§s2m2 sim2
Sensible 47 (%) 19 (41) 16 (34) 10 (21) 1 (2) 1 (2)
Resistant 15 (%) 4 (27) 6 (40) 4 (27) 0 1 (6)

No statistically significant difference was detected for each comparison.
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The cagd gene was similarly distributed between
susceptible and resistant strains (70.2% vs. 66.6%; p
= 0.9). Similarly, the prevalence of both sl vacA
allele (75.5% vs. 64.2%; p = 0.4) and the ml allele
(42.2% vs. 21.4%; p = 0.2) did not significantly differ
between susceptible and resistant strains, respectively.

As above reported, the H. pylori infection was due
to a single strain in 45 (95.7%) patients harbouring
clarithromycin susceptible strains, in 4 (100%) with
purely resistant strains and in 10 (90.9%) with hetero-
resistant infection. Therefore, H. pylori infection was
due to a single strain in 45 (95.7%) patients harbouring
clarithromycin susceptible strains as well as in 14
(93.3%) with resistant strains {p = 0.9). The distribution
of each mosaic combination in clarithromycin susceptible
and resistant strains is reported in Table 2. As shown,
the prevalence of different vac4 mosaicism did not
significantly differ between clarithromycin susceptible
and resistant strains.

Discussion

The first relevant finding of the present study is that
primary H. pylori clarithromycin resistance is high
(24.1%) in our geographic area (Central and Southern
Italy), and it would appear higher than that computed
in previous Italian studies (range 1.8-14%) (Pilotto et
al., 2000; Savarino et al., 2000; Perri et al., 2001),
and in agreement with the 23% rate detected in another
recent study (Toracchio and Marzio, 2003). Such an
observation is important for HA. pylori management in
clinical practice, bacterial clarithromycin resistance
being proved to be the main factor hampering the
efficacy of standard therapies (Megraud, 2004; De
Francesco et al., 2006a).

H. pylori is a worldwide spread infection, and several
epidemiological studies have shown a geographical
variation of its virulence factors, such as the cagd
locus and the mosaic combination of the vacA gene
alleles (Covacci ef al., 1999). Nevertheless, we assessed
in the present study the prevalence of both cagd gene
and vacA allele mosaicism in our geographic area, being
this district never been examined for these factors.
The prevalence of cagd, sI and ml vacA alleles
found in our series was similar to that observed in
other European countries (Crabtree et al., 1992; Weel
et al., 1996; Elviss et al., 2004). The assessment of
vacA gene mosaicism found only three out of the four
possible combinations, the s2m/ mosaicism being never
detected in our series. This finding is in agreement
with other previous studies, and probably depends on
a selective disadvantage of this mosaicism which
undermines bacterial viability (Atherton er al., 1995).
We also observed that s/m/ and s/m2 mosaicisms
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were equally frequent, and they were more prevalent as -

compared to the s2m2 combination. This distribution
differs from that observed in other countries, such as
US where siml and s2m2 are equally prevalent
(Atherton ef al., 1995), and Germany or UK in which
siml and sim2 are respectively the most frequent
combinations (Han et al., 1998; Kauser et al., 2005).
However, in agreement with a previous study (Elviss
et al., 2004), the s2m2 vacA mosaicism was
significantly associated with the cagAd negative status.

As reported in other countries (Han et al., 1998;
Kauser et al., 2005), we found that H. pylori infection
is sustained by a single vac4 mosaicism (one strain
for each patient) in more than 90% of cases. This
finding conflicts with what reported in Mexico and in
China, where a co-infection with multiple vac4 mosa-
icisms is common (Morales-Espinosa et al., 1999;
Yakoob ef al., 2001). Most likely, the very high prev-
alence of H. pylori in these areas plays a role in
increasing the risk of infection with multiple strains.
On the other hand, previous reports have shown that
the probability of a co-infection with more than one
strain is higher in the presence of clarithromycin
susceptible than resistant bacteria (Kim et al., 2003).
Our data failed to confirm such a finding. Indeed, we
found a restrict clonality (i.c. a single bacterial geno-
type for each patient) in more than 90% of infected
subjects with either clarithromycin susceptible or
resistant strains. In particular, the prevalent mono-
clonality observed even in the group of heteroresistant
organisms (10 out of 11 of cases) could suggest that
resistance development is likely due to a point mutation
from a pre-existing susceptible H. pylori strain (Kim
et al., 2003) rather than the exchange of bacterial
genetic material from a strain to another (Yakoob et
al., 2004). Indeed, differently form previous studies
(Yakoob et al., 2001; Kauser et al., 2005), our data
failed to confirm the association of bacterial resistance
to clarithromycin with a peculiar cagd and/or vacA
status, suggesting an independent segregation between
cagA locus/vacA gene and clarithromycin resistant
genotypes.

In conclusion, the prevalence of primary H. pylori
clarithromycin resistance is high in our area, whilst
the prevalence of the cagd appears to be comparable
to that reported in other countries. Moreover, the
sIml and slm2 vacA are the most frequent mosai-
cisms, and a bacterial co-infection appears to be rare.
Finally, we did not found any relationship between
clarithromycin resistance and bacterial genotypic
pattern and/or cagAd posititvity.
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None declared.
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