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Factors modulating the outcome of treatment 
for the eradication of Helicobacter pylori infection
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Helicobacter pylori infection is the main cause of
chronic gastritis, the most frequent chronic bac-
terial disease after tooth decay, and the main eti-
ologic factor in the development of peptic ulcer
disease and malignant gastric lesions (Suerbam
& Michetti, 2002).
The treatment regimens of the infection include
the administration of two or three antibiotics and
a proton pump inhibitor, with or without bismuth
salts, for one or two weeks (Rimbara et al., 2011).
Therapeutic success depends on many factors,
the most important being chemoresistance (Vakil
& Mégraud, 2007). Most studies in the literature
have considered only a few of the numerous de-
terminants of reduced efficacy (Sugimoto &
Yamaoka, 2009; Yakoob et al., 2011). The present
study investigated the possible influence of some
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factors upon the eradication of H. pylori infec-
tion.
The experimental design was to enrol for the
treatment of H. pylori infection all patients with
peptic ulceration (PU, at least 50 patients) oc-
curring in the period of one year in our depart-
ment and a group of patients with non-ulcer dys-
pepsia (NUD), randomly chosen (at least 100 pa-
tients). All patients underwent upper endoscopy
for dyspepsia and gave their written informed
consent. The local Ethical Committee gave its ap-
proval. No patient had previously received an-
tibiotics commonly used in anti-H.pylori therapy
or proton pump inhibitors (PPI) in the previous
three months. Twelve biopsies were taken per pa-
tient, four biopsies for each site, antrum, corpus
and fundus, using sterile forceps. Forceps were
disinfected and rinsed under running water be-
tween biopsies and were changed from one site to
the other. Biopsies were used for rapid urease
test, microscopic examination of smeared mu-
cosa samples after staining with acridine orange,
histology and culture on selective agar plates (that
contained 10% foetal bovine serum, trimetho-
prim 10 mg/L, vancomycin 10 mg/L, cefsulodin 5

A group of 180 H. pylori culture positive dyspeptic patients (64 patients with peptic ulcer, PU) completed a 2-week treat-
ment with omeprazole, amoxicillin and metronidazole and underwent endoscopy again 6-8 weeks after the end of ther-
apy. One hundred and twenty-four patients (68.8%) were successfully treated. Factors increasing the rates of eradi-
cation were the presence of PU (p=0.007) and anti-CagA serum antibodies (p=0.003). Factors negatively modulating
eradication were the presence of coccoid forms (p=0.0008) and metronidazole-resistant strains (p=0.001); degrees of
histological gastritis had no significant effect on eradication rates. Microscopic examination of smeared biopsies for
the detection of the coccoid morphoytpe of H. pylori may help avoiding therapeutic failures.
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mg/L and amphotericin B 5 mg/L) and on selec-
tive blood agar with incorporated 8 mg/L of
metronidazole. Plates were incubated in mi-
croaerobic atmosphere for ten days and exam-
ined daily for suspected colonies starting from
the fourth day. Patients were also tested for the
presence of anti-CagA serum antibodies, using a
household Western blotting technique. Briefly,
the proteins of H. pylori type strain CCUG 17874
were denatured and resolved electrophoretically
in acrylamide-bisacrylamide gel, transferred elec-
trophoretically onto a nitrocellulose sheet and let
react with the patients’ serum samples (diluted
1:100) overnight at room temperature. The im-
munoreaction was detected by using a goat anti-
human IgG serum conjugated with peroxidase
and revealed by the addition of substrate. A rab-
bit serum raised against purified CagA (gift of R.
Rappuoli, Novartis, Siena) was used as control.
Histological sections were stained with haema-
toxylin-eosin and modified Giemsa stain for bac-
terioscopic examination and results were given
according to the Updated Sydney System (Dixon
et al., 1996). Suspected colonies on plates were
examined by Gram stain and oxidase, catalase
and urease tests. Three to five colonies per each
site grown on primary plates were subcultured
onto blood-agar plates containing 8 mg/L of
metronidazole. If at least one colony grew, the
clone was considered resistant. H. pylori organ-
isms growing on primary selective medium sup-
plemented with metronidazole 8 mg/L were con-
sidered resistant, too. Resistance to amoxicillin
was not investigated.
The total number of dyspeptic patients examined
initially was 271; 200 patients were infected by
H. pylori and the culture of at least one biopsy
gave positive results in 185 cases: 64 cases with
PU and 121 cases with NUD. 
All the 185 culture positive patients were treated
for two weeks with omeprazole 20 mg b.i.d.,
amoxicillin 1000 mg b.i.d. and metronidazole 500
mg t.i.d. A total of 182 patients completed the
treatment: 64 patients with PU and 118 with
NUD. Six weeks ca. after the end of therapy, pa-
tients underwent endoscopy again and biopsies
were processed as above reported. Patients were
considered still infected if culture or at least two
of the other tests disclosed H. pylori organisms. 
Data were analysed using the chi-square test with
the Mantel–Haesnzel correction or 1-tailed Fisher

exact test when necessary; p <0.05 was consid-
ered statistically significant.
A total of 180 patients repeated endoscopy; two
patients with NUD refused the examination. The
mean (SD) age of patients was 57.42 (8.59) years,
range 27-87 years. 
Twelve patients out of 64 patients with PU had
gastric ulcer and 52 patients had duodenal ulcer
(Table 1). Out of 116 patients with NUD, 60 pa-
tients had macroscopically normal gastroduode-
nal mucosa and 56 patients showed an inflamed
mucosa (Table 1). 
Histology in NUD cases gave the following re-
sults: normal mucosa in at least one site, corpus
or fundus, was found in 28 cases; the results re-
ported in the other 88 cases are the average of
the histological lesions observed in the three gas-
tric areas: mild/moderate, non-active chronic gas-
tritis (CG) was observed in 50 cases; severe, active
CG was found in 38 cases (Table 1). The presence
of atrophic lesions was very rare and therefore
was ignored. 
Coccoid forms of H. pylori were observed in six
cases (3.3%) (Fig. 1B). 
Metronidazole-resistant strains were isolated in
12 cases (6.6%) by examining 3-5 colonies devel-
oped on primary plates and in 52 cases (28.8%)
by streaking biopsies onto selective agar con-
taining metronidazole at the threshold concen-
tration of 8 mg/L (p <0.00001) (Table 1).
Anti-CagA serum antibodies were detected in 135
patients (75.0%), 58 patients of whom had PU
(90.6%) and 77 patients had NUD (66.3%),
(p=0.0003, OR = 4.9, CL 1.83-13.85) (Table 1). 
A total of 124 patients (68.8%) were successfully
treated; the factors that increased the rates of the
eradication treatment were the presence of PU
(vs. NUD) (p=0.007, OR=2.65, CL 1.21 to 5.89),
the presence of anti-CagA serum antibodies (p =
0.003, OR 2.84, CL 1.33-6.09), the absence of coc-
coid forms (p=0.0008, OR undefined) and the ab-
sence of metronidazole-resistant strains (p=0.001,
OR 2.9, CL 1.39-6.04). In the presence of histo-
logical inflammation in all gastric areas, the per-
centage of bacteriological healing was increased
(67.0 vs. 57.1 in cases in which histological nor-
mal mucosa was observed in either corpus or fun-
dus gastric areas) but the difference did not reach
statistical significance (p=0.341, OR=1.53). In cas-
es of severe, active CG, 57.8% of patients were
treated successfully vs. 74.0% of patients with
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TABLE 1 - Factors that might modulate the eradication of H. pylori infection.

Parameter No. of patients treated No. and percentage () of patients cured

PU 64 58 (81.2)

Duodenal ulcer 52 40 (76.9)

Gastric ulcer 12 12 (100)

NUD 116 72 (62.0)

Macroscopically normal mucosa 60 36 (64.2)

Macroscopically inflamed mucosa 56 36 (64.2)

Histologically normal mucosa in one site 28 16 (57.1)

Mild/moderate, non-active chronic gastritis 50 37 (74.0)

Severe, active chronic gastritis 38 22 (57.8)

Presence of coccoid forms 6 0 (0)

Absence of coccoid forms 177 124 (70.0)

Presence of anti-CagA serum antibodies 135 101 (74.8)

Absence of anti-CagA serum antibodies 45 23 (51.1)

Metronidazole-resistant organisms 52 27 (51.9)

Metronidazole susceptible organisms 128 97 (75.7)

FIGURE 1 - Gastric biopsies smeared on glass slides and stained with acridine orange. A, normal spiral H. pylori or-
ganisms. B, coccoid forms (yellow arrows) and scanty spiral (white arrows) H. pylori organisms.

mild/moderate, non-active CG (p=0.113, OR=2.07,
non-significant).
Triple therapy for at least one week is sufficient-
ly effective in most patients, even though recent
protocols, such as the so-called sequential thera-

py, seem more successful (Gatta et al., 2009). The
mechanisms that may promote increased eradi-
cation rates of H. pylori infection are still specu-
lative. Many studies on this subject have been
published, but works considering all the principal



determinants of reduced efficacy are very few. 
The present study evaluated the presence of PU
and macroscopic gastric mucosa alteration (red-
ness, erosions etc.), the degree of histological
mucosal inflammation and genotype, chemo-
susceptibility and the presence of coccoid forms
of the infecting organisms. Factors that in-
creased eradication rates significantly were the
presence of PU vs. NUD, seropositivity for CagA
and the absence of H. pylori organisms with coc-
coid morphology, in addition to bacteria with
normal spiral shape, in at least one biopsy (Table
1 and figure 1).
It is debated whether patients with PU or those
infected by the CagA-positive (CagA+) genotype
can resolve the infection more easily (Broutet et
al., 2003; Sugimoto & Yamaoka, 2009; Zhao et al.
2007; Huang et al., 2005). The increased fre-
quency of therapeutic success in PU patients may
be due to the local improved diffusion of antibi-
otics and their enhanced penetration from the
blood stream. These phenomena may occur for
different reasons: the presence of ulcer, the degra-
dation of the mucous layer (which commonly
takes place around mucosal ulceration) and the
high degree of epithelial inflammation sur-
rounding the lesions, which could facilitate the
delivery of antibiotics by altering the vascular and
epithelial permeability.
In the literature, there are 17 studies on CagA
(or cagA) status and the success of H. pylori in-
fection treatment. Sugimoto et al. (2009) revised
the dedicated literature and found that in only
half of the 16 studies they examined, eradication
was achieved in a significantly greater number of
cases in patients infected by cagA+ strains.
However, combining the cumulative data, they
observed that the patients treated successfully
were more likely to be cagA+ than cagA-: 83.1%
vs. 69.9%, respectively (p<0.01). There may be
many reasons for straightforward healing: 1.
Patients infected by CagA+ organisms develop
PU more frequently (at least, in this area; NF per-
sonal observation) (Tovey et al., 2006). 2. cagA+
strains are reported to grow faster in vitro
(Censini et al., 1996); since antibiotics interfering
with the metabolism of dividing cells, such as
amoxicillin, are more efficacious during bacter-
ial cell division, cagA+ organisms would be more
susceptible and be destroyed more rapidly than
the cagA- ones, which may be in resting phase. 3.

Strains expressing CagA enhance the mucosal
production of proinflammatory cytokines, such
as interleukin-1b and tumor necrosis factor-�,
which are potent inhibitors of the acid secretion
(Wang et al. 1999). Increased cytokine levels in
the gastric mucosa colonized by CagA+ organ-
isms could therefore result in a strong acid sup-
pression (Furuta et al. 2002) and therefore in an
enhanced efficacy of the treatment (Grayson et
al., 1989; Sugimoto et al., 2007).
High degrees of chronic inflammation of corpus
gastritis may significantly increase the eradica-
tion rates (Georgopoulos et al., 2000).
Nonetheless, our results differ and are partially
contradictory: while the absence of histological
inflammation in the gastric corpus or fundus re-
duced the rates of eradication, the presence of a
mild, non-active CG increased the frequency of
therapeutic success with respect to the cure rates
in cases of severe active CG; in both cases, how-
ever, the differences were not statistically signif-
icant. This subject is still debated.
To the best of our knowledge, treatment failure in
individuals harbouring coccoid H. pylori organ-
isms has been described for the first time in this
study. In natural conditions, H. pylori organisms
are able to resist antibiotic treatment in two prin-
cipal ways: through biofilm formation (Makipur
& Friedenberg, 2011), which may prevent the
drug from diffusing properly, and by reverting to
a viable but non-cultivable state and remaining
in a coccoid morphoytpe (Andersen &
Rasmussen, 2009). On the basis of the literature
analysis, it has been proved that coccoid forms
of H. pylori are viable and their basic properties
are similar to those of vegetative spiral forms
(Andersen & Rasmussen, 2009). The lack of ther-
apeutic success of our cases may be due to the
fact that these bacteria, although viable, are as if
in a dormant stage and therefore they cannot in-
corporate antibiotics, which consequently may
prove ineffective. The microscopic examination
of smeared biopsies is simple and is not time-con-
suming. In the presence of round organisms an-
tibiotic treatment should be delayed or deferred
in order to avoid therapeutic failure. This study fi-
nally suggests that to determine the presence of
metronidazole-resistant strains, it is preferable to
streak gastric biopsies onto solid media contain-
ing the chemotherapic at the threshold concen-
tration rather than examine a few colonies from
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the primary plates. In this way, the entire biopsy
bacterial population (300-5x105 bacteria) would
be examined for its chemosusceptibility.
The spontaneous mutation rate of such species
for metronidazole resistance is very high (1x10-5

organisms ca.), which means that metronidazole-
resistant organisms are virtually present in the
stomach of almost all individuals. In addition, the
technique employed can readily be applied to re-
veal resistances to the other antibiotics used in
the treatment of H. pylori infection. 
In conclusion, the factors that may modulate the
outcome of H. pylori infection’s eradicating treat-
ment are numerous and the present study is far
from complete. In addition to different therapeu-
tic protocols, we did not consider the patients’ cy-
tochrome P450 polymorphism, the possibility that
resistance to metronidazole might be overcome
with increased doses of drug, and that strains with
different chemosusceptibility profiles can be si-
multaneously present in the same patient’ stom-
ach (Grande et al., 2010). Our observations may
help select appropriate treatment regimens. For
example, PU and NUD patients should be con-
sidered independently in eradication trials and be
managed differently in medical practice. The fact
that infection by H. pylori strains with coccoid
forms resulted in 100% eradication failure needs
better analysis with a larger sample as this oc-
curred in only 3.3% of the cases.

ACKNOWLEDGEMENTS
The authors wish to acknowledge Mr. Simone
Pasquini, Novartis, Siena, for technical support in
preparing the culture media.

REFERENCES

ANDERSEN L.P., RASMUSSEN L. (2009). Helicobacter pylori
coccoid forms and biofilm formation. FEMS
Immunol. Med. Microbiol. 56, 112-115.

BROUTET N., TCHAMGOUE S., PEREIRA E., LAMOULIATTE

H., SALAMON R., MÉGRAUD F. (2003). Risk factors for
failure of Helicobacter pylori therapy results of an
individual data analysis of 2751 patients. Aliment.
Pharmacol. Ther. 17, 99-109.

CENSINI S., LANGE C., XIANG Z., CRABTREE J.E., GHIARA

P., BORODOVSKY M., RAPPUOLI R., COVACCI A. (1996).
cag, a pathogenicity island of Helicobacter pylori,
encodes type I specific and disease-associated vir-
ulence factors. Proc. Natl. Acad. Sci. USA. 93,
14648-14653.

DIXON M.F., GENTA R.M., YARDLEY J.H., CORREA P.
(1996). Classification and grading of gastritis. The
updated Sydney System. International Workshop
on the histopathology of gastritis, Houston 1994.
Am. J. Surg. Pathol. 20, 1161-1181.

FURUTA T., EL-OMAR E.M., XIAO F., SHIRAI N., TAKASHIMA

M., SUGIMURA H. (2002). Interleukin 1beta poly-
morphisms increase risk of hypochlorhydria and
atrophic gastritis and reduce risk of duodenal ulcer
recurrence in Japan. Gastroenterology. 123, 92-105. 

GATTA L., VAKIL N., LEANDRO G., DI MARIO F., VAIRA D.
(2009). Sequential therapy or triple therapy for
Helicobacter pylori infection: systematic review
and meta-analysis of randomized controlled tri-
als in adults and children. Am. J. Gastroenterol.
104, 3069-3079.

GEORGOPOULOS S.D., LADAS S.D., KARATAPANIS S., MENTIS

A., SPILIADI C., ARTIKIS V., RAPTIS S.A. (2000). Factors
that may affect treatment outcome of triple
Helicobacter pylori eradication therapy with
omeprazole, amoxicillin, and clarithromycin. Dig.
Dis. Sci. 45, 63-67.

GRANDE R., DI GIULIO M., DI CAMPLI E., DI BARTOLOMEO

S., CELLINI L. (2010) A model of Helicobacter pylori
persistence in a case of gastric cancer. New
Microbiol. 33, 343-349.

GRAYSON M.L., ELIOPOULOS G.M., FERRARO M.J.,
MOELLERING R.C. JR. (1989). Effect of varying pH on
the susceptibility of Campylobacter pylori to an-
timicrobial agents. Eur. J. Clin. Microbiol. Infect.
Dis. 8, 888-889.

HUANG J.-Q., ZHENG G.-F., HUNT R.H., WONGW.-M., LAM

S.-K., KARLBERG J., WONG B.C.-Y. (2005). Do pa-
tients with non-ulcer dyspepsia respond different-
ly to Helicobacter pylori eradication treatments from
those with peptic ulcer disease? A systematic re-
view. World J. Gastroenterol. 11, 2726-2732.

MAKIPOUR K., FRIEDENBERG F. K. (2011).The poten-
tial role of N-Acetylcysteine for the treatment of
Helicobacter pylori. J. Clin. Gastroenterol. 45, 841-
843.

RIMBARA E., FISCHBACH L.A., GRAHAM D.Y. (2011).
Optimal therapy for Helicobacter pylori infections.
Nat. Rev. Gastroenterol. Hepatol. 8, 79-88.

RUDI J., REUTHER S., SIEG A., HOERNER M., STREMMEL

W. (2002). Relevance of underlying disease and bac-
terial vacA and cagA status on the efficacy of
Helicobacter pylori eradication. Digestion. 65, 11-15.

SUERBAUM S., MICHETTI P. (2002). Helicobacter pylori in-
fection. New Engl. J. Med. 347, 1175-1186.

SUGIMOTO M., YAMAOKA Y. (2009) Virulence factor
genotypes of Helicobacter pylori affect cure rates of
eradication therapy. Arch. Immunol. Ther. Exp. 57,
45-56.

SUGIMOTOM., FURUTA T., SHIRAI N., KODAIRA C., NISHINO

M., YAMADE M., IKUMA M., WATANABE H., OHASHI K.,
HISHIDA A., ISHIZAKI T. (2007). Treatment strategy
to eradicate Helicobacter pylori infection: impact of

Factors influencing the eradication of H. pylori infection 339



pharmacogenomics-based acid inhibition regimen
and alternative antibiotics. Expert Opin.
Pharmacother. 8, 2701-2717.

TOVEY F.I., HOBSLEYM., HOLTON J. (2006 ). Helicobacter
pylori virulence factors in duodenal ulceration: A
primary cause or a secondary infection causing
chronicity. World J. Gastroenterol. 12, 6-9.

VAKIL N., MÉGRAUD F. (2007). Eradication treatment for
Helicobacter pylori. Gastroenterology. 133, 985-1001.

WANG M., FURUTA T., TAKASHIMA M., FUTAMI H., SHIRAI

N., HANAI H., KANEKO E. (1999). Relation between

interleukin-1beta messenger RNA in gastric fundic
mucosa and gastric juice pH in patients infected
with Helicobacter pylori. J. Gastroenterol. 34, 10-17.

YAKOOB J., JAFRI W., ABBAS Z., ABID S., NAZ S., KHAN

R., KHALID A. (2011). Risk factors associated
with Helicobacter pylori infection treatment fail-
ure in a high prevalence area. Epidemiol. Infect. 13,
581-590.

ZHAO J.J., WANG B.J., YANG L., LI Y. (2007). Influence of
Helicobacter pylori genotype on triple eradication
therapy. J. Gastroenterol. Hepatol. 22, 2251-2255.

340 N. Figura, E. Moretti, L. Vaglio, F. Langone, R. Vernillo, C. Vindigni, N. Giordano


