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Abstract: Distal gastrectomy for benign gastroduodenal peptic disease has become rare, but it still
represents a widely adopted procedure for advanced and, in some countries, even for early distal
gastric cancer. Survival rates following surgery for gastric malignancy are constantly improving,
hence the residual mucosa of the gastric stump is exposed for a prolonged period to biliopancreatic
reflux and, possibly, to Helicobacter pylori (HP) infection. Biliopancreatic reflux and HP infection are
considered responsible for gastritis and metachronous carcinoma in the gastric stump after oncologic
surgery. For gastrectomy patients, in addition to eradication treatment for cases that are already
HP positive, endoscopic surveillance should also be recommended, for prompt surveillance and
detection in the residual mucosa of any metaplastic-atrophic-dysplastic features following surgery.

Keywords: gastric cancer; biliopancreatic reflux; gastritis; carcinoma; endoscopic surveillance;
Helicobacter pylori infection; gastric stump cancer

1. Introduction

In 1881, the Viennese surgeon Theodor Billroth and his colleagues, following previous
experimental studies, successfully performed the first distal gastrectomy on a 43-year-old
patient with cancer of the pylorus. Surgical reconstruction of the continuity between the
residual stomach and the duodenum (gastroduodenostomy) was called “Billroth 1” (B1);
three years later, Billroth experimented another technique involving anastomosis of the
residual stomach to one of the first loops of the jejunum (gastrojejunostomy, Billroth 2 or
B2) [1]. Both procedures were not widely adopted until the end of the 19th century: while
Billroth never published his own results, these were released by one of his scholars, Wolfler,
who is considered the inventor of the gastrojejunostomy antecolic technique [2]. In the
following years, both techniques became universally adopted, with some geographical
differences, to treat both benign and malignant gastroduodenal conditions of the distal
stomach. In Asia, B1 was preferred to B2 [3], whereas in the West, and especially in Europe,
B2 became more popular [4]. Since the mid-1970s, particularly in more developed countries,
gastric resection has progressively become less common to cure gastroduodenal peptic
ulcer disease, except for complicated cases, thanks to the diffusion of effective anti-ulcer
drugs (such as H-2 receptor antagonists and, later, proton pump inhibitors). More recently,
with the identification of Helicobacter pylori (HP) as a pathogen for gastroduodenal peptic
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disorders [5] and the introduction of specific medical treatments, surgical intervention
has become even less indicated [6–8]. The present study is a non-systematic, narrative
review of the fate of gastric resected patients, examining the role of gastric stump and of
new anatomy, enteric reflux, and HP status. In non-systematic reviews there is always a
risk of selection bias, including arbitrary weighing, choice and inclusion of the reported
research, the way these studies are emphasized, assessed and presented, and the difficulty
in integrating complex results. Nevertheless, the following is still meant to be an exhaustive
and informative, albeit non-systematic, review, certainly not covering every aspect, yet still
important for definition of the problem and for stressing the role of HP and of the new
local environment toward the development of further malignancy, which is of potentially
tremendous beneficial clinical impact.

1.1. Gastric Stump Cancer after Partial Gastrectomy: Role of Time

In 1922, Donald C. Balfour first noted that one of the factors which reduced life ex-
pectancy after gastric resection for peptic ulcer was later development of cancer in the
residual gastric stump [9]. Since the 1950s the number of observations of “gastric stump
cancer” (GSC) following B1 or B2 gastric resection increased progressively [10,11]. Thanks
to the success of medical treatment of benign peptic conditions, GSC following benign situ-
ations has been decreasing, while an increase in GSC has been observed, especially in Asia,
due to a larger number of gastric carcinomas operated in the early stage (early gastric cancer
or EGC), translating into longer life expectancy [12,13]. In a series of 108 cases of GSC follow-
ing distal gastrectomy for gastric cancer, 7 were diagnosed between 1970–1980, 28 between
1981–1991, and 73 between 1992–2002 [12]. Originally, GSC was defined as cancer arising
from the remnant stomach five years after distal gastrectomy for benign disease, while
later, this definition included cancers arising up to 10 years following distal gastrectomy
for malignancy. This broader interval was due to the prolonged life expectancy of patients
operated on for stomach cancer, and it was established that GSC is a metachronous occur-
rence, thus excluding the possibility of a locally recurring malignancy [14,15]. Indeed, it has
been demonstrated that GSC is, on average, found 300 months after resection for benign
gastroduodenal diseases and 100 months following resection for gastric cancer [12,16–23].
The type of reconstructive surgery also influences the interval of development of GSC,
which occurs 84 months (mean) after B1, and 276 months (mean) after B2 (p < 0.01) [18].
There are, however, conflicting observations. For instance, Tokudome et al. [24] found that
the ratio between observed and expected deaths from GSC was <1, and no difference was
found in the cause of death in relation to the type of reconstruction performed. Asano et al.
followed up for 13.1 years (mean) 6662 gastric-resected patients, finding a lower risk of
death from carcinoma than in the general population, regardless of the primary disease and
of the adopted surgical procedure [25]. Despite these data, distal gastrectomy is considered
a precancerous condition and it represents a model to be used to study gastric carcinogene-
sis. In addition to time from surgery, other features have also been shown to play some role
and are still investigated.

1.2. Gastric Stump Cancer: Role of Type of Reconstruction and of Biliopancreatic Reflux

Following distal gastrectomy, the ideal reconstruction of the intestinal continuity
should not create immediate or long-term post-operative problems, nor should it alter
quality of life, although alterations of the natural anatomic and functional gastric conditions
cannot be avoided. B2 reconstruction is the most popular surgical procedure, but it involves
a greater risk of carcinoma. Caygill et al. [26] and Toftgaard [27] in two different studies on
4466 and on 4131 patients, respectively, receiving partial gastrectomy for peptic ulcer, found
that the risk of GSC was greater in those with a B2 reconstruction compared to B1 patients.
In another study, the incidence of GSC in male patients younger than 40 years was four
times higher after B2 than a after B1 [28]. B2 implies close exposure of the anastomosis and
of the residual gastric mucosa to biliopancreatic secretions and favors gastroesophageal
reflux. B1, on the other hand, preserves the physiological continuity of the duodenum,
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but suppression of the pyloric function may cause reflux of biliopancreatic secretions
into the gastric stump, even if at a lower degree than in B2. In order to minimize reflux,
B2 has been modified by connecting the afferent and the efferent loops of the jejunum
(Braun’s anastomosis), a few centimeters away from the gastro-jejunal anastomosis. How-
ever, functional studies [29,30] have shown that B2 associated with Braun’s anastomosis
is ineffective in preventing biliopancreatic reflux into the gastric stump, both in fasting
conditions and after fatty meals. Further surgical procedures were later proposed and
performed: gastro-jejunal reconstruction Roux-en-Y (R-Y), and reconstruction involving
the interposition of a jejunal loop between the gastric and the duodenal stumps (jejunal
interposition bilio-duodenal anastomosis, J-I). Both the R-Y and J-I procedures significantly
decrease biliopancreatic reflux, which, however, to some extent still persists [31]. In any
case, a 50–60 cm long R-Y loop is considered the most effective solution to reduce this
problem [32]. Indeed, experimental and clinical studies have consistently demonstrated
the role of reflux of duodenal contents (both bile and pancreatic juice) in the carcinogenesis
of GSC [33–37] or, at least, as a cause of histological alterations considered to be precursors
of cancer [38,39]. The carcinogenic effect of biliopancreatic reflux on the residual gastric
mucosa is also indirect, due to: (1) increased alkalinity of the gastric stump caused by
atrophy of the mucosa (following absence of the trophic action of antral gastrin), (2) surgical
suppression of the vagal intramucosal innervation, and (3) alkaline reflux which favors
growth of anaerobic nitrate-reducing bacteria. As a result, the nitrites produced by these
bacteria can form cancerogenic substances when in contact with alimentary proteins [4,40].
All these changes in the microenvironment of the stump trigger chronic inflammation in
the remnant mucosa, its severity gradually decreasing away from the anastomosis [41].
According to some authors, this mechanism seems to be particularly significant in car-
cinogenesis after B2 reconstruction, as precancerous lesions and cancer are often found at
the anastomosis [19,42]. Hammar [43] analyzed the primary location of gastric carcinoma
and precancerous alterations in the gastric stump of 56 B2 and 5 B1 patients. The most
frequent site of GSC following B2 was right at the anastomosis. Regardless of the adopted
technique of reconstruction, however, the location of GSC was often not at the anastomosis
but at a site between the lesser curve and the posterior wall of the stump, corresponding to
the location of the primary carcinoma of the proximal third of the stomach (PUGC) [18].
These findings suggest that pre-existing atrophic-metaplastic alterations of the mucosa,
rather than biliopancreatic reflux, are the most likely cause of GSC [12]. As suggested by
Kondo [44], GSC after gastrectomy for cancer, in addition to arising earlier after surgery, is
non-anastomotic when compared to GSC after resection for benign diseases.

1.3. Gastric Stump Cancer: The Issue of Synchronous Multiple Gastric Cancers

Patients receiving surgical treatment for cancer already harbor, at the time of their
surgery, alterations in the residual gastric mucosa which can have some relationship with
primary cancer. The importance of synchronous multiple gastric cancers has also been
highlighted. Fujita et al. [13] noted a higher incidence of GSC in patients with less differ-
entiated synchronous multiple gastric cancers at primary surgery, compared to patients
with single well-differentiated tumors (respectively p < 0.05 and p < 0.05). Nevertheless,
in two series of 639 patients with distal EGC, secondary lesions were rarely found and
no patient with distal EGC showed a secondary synchronous cancer in the upper third of
the stomach [45,46]. Once again, although there are similar features in PUGC and GSC,
both arising in the same gastric mucosa area, the incidence of PUGC decreases parallel
to the incidence of gastric carcinoma in general, although PUGC represents only 3–4% of
all gastric malignancies [47–50]. Some authors have shown that a few genetic alterations
cause gastric metaplastic lesions, which are considered precursors of cancer, while others
influence the proliferation and aggressiveness of gastric cancer [51–55]. It has been hypothe-
sized that the onset of GSC can be related to these genetic predispositions [13]. Matsui et al.
suggested that reflux is the major cause of GSC in patients receiving hemigastrectomy for
benign disease, whereas, in those operated for cancer, if GSC appears ≥10 years later, this
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could be related to genetic factors (such as p53), responsible for multiple metachronous
carcinogenesis, while if GSC occurs <10 years, this new cancer could be caused by diffuse
metaplastic lesions of the residual mucosa [56]. Molecular studies [57,58] have shown an
incidence of micro satellite instability in patients with GSC higher than in those with PUGC.
It is impossible to verify the existence of residual malignant cells or potentially malignant
mucosal fields at the time of gastric resection. It can be hypothesized that these pathways
of carcinogenesis could have remained silent and inactive if the anatomic and functional
alterations produced by surgery had not occurred.

1.4. Gastric Stump Cancer: Role of HP Infection

The residual post-gastrectomy mucosa is considered hostile to HP; hence HP infection
progressively decreases following surgery. This is due to at least three reasons: (1) the
antrum, which is the HP natural environment, has been removed; (2) the increased pH
due to biliopancreatic reflux inhibits HP proliferation [59–61]; (3) the residual mucosa
is replaced by an infection-resistant atrophic-metaplastic epithelium [62]. Some authors
think that the spontaneous decrease in the infection starts at the anastomosis, where the
gastric mucosa changes from the characteristics of infective chronic active gastritis to those
of reflux gastritis (foveolar hyperplasia, congestion, paucity of inflammatory infiltrate,
glandular cystic dilatation) [43]. Suh et al. have shown the spontaneous disappearance
of infection in 38.6% of 70 patients within 18 months from distal gastrectomy [63], while
in another study [60], the prevalence of HP infection varied over time following surgery,
being 29.5% less than 25 years after gastric resection, 13.6% from 16 to 30 years after
surgery, and 10% > 30 years later. In the published literature, however, the rates of gastric
stump infection fall within a broad range. Indeed, according to some authors, overall
HP infection occurs in 50–68.2% of distal-gastrectomy patients, in 55–72% of B1 patients,
in 58–66% of B2, and in 26% of patients reconstructed by R-Y surgery [31,60,62,64]. In
a review of 36 studies on partial gastrectomy for gastric ulcer, HP infection occurred in
50% of cases after surgery (range from 19% to 73%) [65]. In another research, HP infection
rate was 71% after B1, and 46% after B2 [66]. Other authors have confirmed HP infection
rates in patients treated by B2 lower than those observed in subjects treated by B1 or R-Y
reconstruction [66,67]. Chan et al. [31] showed that R-Y reconstruction causes less reflux
during fasting and in the postprandial period, and a lower incidence of HP gastric stump
infection than B2 reconstruction, even when B2 is associated with Braun’s anastomosis.
These conflicting results can be explained by differences in HP infection diagnostic methods
in resected stomachs. In these instances, diagnosis of HP infection is less accurate with the
urease breath test (UBT) than histology, while the rapid urease test (RUT) is more accurate
than histology [68]. However, it should also be considered that the accuracy of biopsies
is altered by patchy and uneven distribution of HP infection in the gastric mucosa [69]
and by the number of biopsies taken. As reported by Chun et al. [70], following partial
gastrectomy for cancer, UBT was comparable to RUT in terms of accuracy (UBT 87%, RUT
72%). High levels of anti-HP antibodies can be found in the serum, even when infection is
not detected by microscopic examination or by culture methods [64]. Diagnosis of infection
using enzyme immunoassay for HP antigen in stools appears to be a highly reliable test in
gastrectomy patients, capable of detecting both the presence of infection and the success of
post-treatment HP eradication [71]. Furthermore, based on the accepted role of HP infection
in gastric carcinogenesis [72–74] (HP infection being found in 54–71% of cases of primitive
gastric carcinoma), it has been hypothesized that HP eradication in gastrectomy patients
could prevent the development of GSC. The Maastricht IV/ Florence Consensus Report and
the Second Asia-Pacific Consensus Guidelines both recommend eradication of HP infection
from the gastric stump [75,76]. However, it has also been highlighted that the role of the
microorganism in the development of GSC is different from primitive gastric cancer in the
intact stomach, where HP promotes carcinogenesis through the cytotoxin-associated gene A
or CagA protein, which acts as a growth factor for the cells of the gastric mucosa [77,78]. Due
to the reduced levels of the microorganism in the partial-gastrectomy patients, it is unlikely
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that HP plays here the same carcinogenic role as in the intact stomach [59,79–82]. There
are data, however, confirming the importance of HP infection also in the development of
gastritis in the gastric stump. Our research group has shown that in 151 partial-gastrectomy
peptic ulcer patients, after a mean interval of 25 years from surgery, there was a 10-fold
increase in the prevalence of normal mucosa in HP-negative (22.0%) vs. HP-positive (2.4%)
patients, and the prevalence of intestinal metaplasia was four times higher in HP-positive
than in HP-negative patients (19.6% vs 4.6%) [83]. In another endoscopic study assessing
187 peptic ulcer hemi-gastrectomy patients (mean interval from surgery = 27.8 years) or
distal gastric cancer patients (mean interval from surgery = 7.6 years), we observed that
chronic atrophic gastritis, intestinal metaplasia, and dysplasia are more common in the HP-
positive group (OR 2.37, p = 0.007) [84]. However, HP-positive patients resected for cancer
showed a higher risk of atrophic/metaplastic/dysplastic lesions compared to both HP-
negative cancer patients (OR 4.20) and to HP-negative and HP-positive patients resected for
peptic ulcer (OR 1.59). The concentration of interleukin (IL)-8, a marker for inflammation,
in the residual gastric mucosa three months after surgery, was significantly higher in B1-B2
than in R-Y reconstruction and in HP-positive compared to HP-negative patients.

1.5. Gastric Stump Cancer: Combined and Synergic Role of HP Infection and of
Biliopancreatic Reflux

Biliopancreatic reflux and HP infection are considered independent risk factors for the
development of gastritis-metaplastic lesions of the gastric stump [85]. Hamaguchi et al. [86]
studied 12 cases of gastrectomy with B1 reconstruction for EGC resulting HP-positive after
resection; one- and six-months after eradication, significant improvements of the mucosal
erythema at endoscopy (p = 0.038) and of the gastritis activity at histology (p < 0.0001) were
observed compared to pre-eradication findings. In another study on eight patients with
B1 reconstruction for carcinoma, following confirmed UBT eradication, the microscopic
features of chronic inflammation improved progressively over a period of 9 years in both
greater and lesser curves of the gastric stump. The improvement of these potentially precan-
cerous alterations might inhibit the development of metachronous cancer [87]. However,
in resected patients, there is a possible synergic role of both biliopancreatic reflux and HP
infection in the development of lesions of gastric mucosa. The relative importance of each
of them in the development of metaplastic-atrophic lesions has not yet been established,
and it is likely that these mucosal alterations, representing a morphological point of no
return, may not be repaired by eradication alone [88]. In HP-positive patients, infection
is one of the risk factors contributing to carcinogenesis, and its eradication decreases the
damage to the gastric mucosa, mainly by reducing inflammation. There is no guarantee of
a similar positive effects for metaplastic-atrophic lesions [89–92], and simple improvement
of some features of mucosal inflammation might not suffice to prevent metachronous
carcinoma [93]. Johannesson et al. [81] studied 29 partial gastrectomy patients (5 B1 and
24 B2). These patients were re-resected with a R-Y reconstruction, due to reflux gastritis
or to severe dysplasia/EGC, at a median interval of 19 years from index surgery. The
aim of this research was to investigate the effect of bile diversion and of HP infection on
histological features of anastomotic biopsies taken 5–17 years after re-operation. Regarding
the surgical specimen of re-resection, the follow-up biopsies showed an unchanged preva-
lence of infection but an increase in active chronic gastritis, atrophy, intestinal metaplasia,
and dysplasia. The HP status, however, had no effect on the progression of active chronic
gastritis, atrophy, and intestinal metaplasia. A significant increase in dysplasia as such was
observed in HP-positive patients, while prevalence of both moderate and severe grades
of dysplasia were not related to HP status. In any case, a significant reduction of gastric
carcinoma was achieved in non-operated stomachs by the eradication of HP infection, as
long as metaplastic-atrophic-dysplastic lesions were absent [88]. Therefore, eradication
should be completed rapidly to inhibit the development and progression of pre-cancerous
lesions [94,95]. GSC may occur even in patients with resected stomachs as part of pan-
creatoduodenectomy for malignant disease. Pflüger et al. found six cases of GSC out of
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4414 cases treated at their institution from 2000 until 2015 for pancreatic malignancy [96].
Nevertheless, GSC in these situations is rare, simply because of the grim prognosis and
short life expectancy of these patients.

1.6. HP Infection and Metachronous Carcinoma following Endoscopic Resection of EGC

There are no data confirming the beneficial role of HP eradication when compar-
ing metachronous gastric cancer in eradicated vs. non-eradicated HP-positive partial-
gastrectomy cancer patients, while there are interesting data on the impact of eradication of
HP infection on the incidence of metachronous gastric cancer following endoscopic resec-
tion of EGC. After endoscopic resection, the residual gastric mucosa represents a potential
site for metaplastic-atrophic lesions. In these circumstances, metachronous carcinomas may
occur more frequently, while it cannot be ruled out that undetected synchronous cancers,
already present, are left untreated. In a non-randomized study on 132 HP-seropositive
patients after endoscopic resection of EGC, Uemura et al. [97] completed oral HP eradica-
tion therapy on 65 of these 132. In the treated group, endoscopic biopsies from the antrum
and the greater curvature 6 months after eradication showed a significant reduction of
neutrophilic infiltration (p < 0.01) and of the severity of metaplasia (p < 0.05), while in the
non-treated group (67 patients), there were six cases of metachronous gastric cancer over
a period of 48 months, compared to no cases in the treated group (p < 0.01). In a retro-
spective multicenter study, Nakagawa et al. [98] analyzed the incidence of metachronous
gastric carcinoma in 2835 patients endoscopically resected for EGC. At a mean follow-up
of 2 years, metachronous carcinoma was found in 5% of 2469 non-HP eradicated patients
and in 2% of 356 successfully eradicated subjects (p = 0.021). In a series of 176 patients
with EGC endoscopically treated [99], nine cases of metachronous gastric carcinoma were
detected after a mean period of 30 months following treatment. In the univariate analysis,
age >70 years (p = 0.015) and the presence of severe mucosal atrophy of the gastric body
(p = 0.031) and antrum (p = 0.008) were significantly linked to metachronous malignancy.
In the multivariate analysis, the degree of antrum atrophy was confirmed as an indepen-
dent risk factor for metachronous carcinoma (p = 0.011). In relation to HP infection, four
metachronous gastric cancers were found in 94 patients to have been successfully eradi-
cated after endoscopic resection, and in 2 of 22 non-treated patients (p = not significant).
In a multicenter, open label, randomized controlled trial [100], Fukase et al. analyzed the
prophylactic role of HP eradication on the incidence of metachronous gastric carcinoma
following endoscopic resection for EGC. In the studied population of 505 patients, 255 be-
longed to the eradication group (203 of whom had their cancer successfully eradicated),
and 250 patients were controls. During a 3-year follow-up after endoscopic resection,
metachronous carcinoma developed in 9 of the 203 eradicated patients and in 24 of the
250 controls (HR 0.399 p = 0.003). Similar trends were reported by Maehata et al. [93] in
268 patients followed-up for a mean period of 3 years after endoscopic resection for EGC.
Over an 11-year term, metachronous gastric carcinomas were detected in 13 of 91 non-
successfully eradicated patients, and in 15 of 177 successfully eradicated subjects (p = not
significant). In 10 of the 15 eradicated patients who developed metachronous gastric cancer,
this developed more than 5 years after endoscopic resection of the primary malignancy. In
the multivariate analysis, in addition to the post-treatment interval, an independent risk
factor for metachronous gastric carcinoma was represented by severe gastric atrophy at the
time of endoscopic resection. These results suggest that HP eradication delays but does
not completely protect against later development of a malignancy if the residual mucosa
already suffers from atrophic lesions. Besides, another study on patients endoscopically
resected for EGC, found no significant differences in metachronous carcinoma between
263 eradicated and 105 non-eradicated patients, over a period of 60 months [101]. More
recently, Li and Yu, reviewing 15 years of literature, suggested that eradication of HP
infection after endoscopic resection of EGC could reduce the incidence of metachronous
precancerous lesions and of metachronous gastric cancer [102]. Hence, the role of HP in
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chronic gastritis, peptic ulcer disease and gastric cancer is, once again, confirmed, while its
importance for many types of extra-gastric disease still remains poorly researched [103].

2. Conclusions

Following distal gastric resection, the microenvironment of the gastric stump changes
dramatically, due to both the new anatomy and to the consequences of surgery on the
residual gastric stump, which favor biliopancreatic reflux. The presence of HP infection
gradually decreases following surgery but contributes, together with reflux, to damage the
residual gastric mucosa. Under these influences, the gastric epithelium becomes a site for
metaplastic-atrophic lesions, referable to either the pre- or the post-operative phases, which
can be considered as precursors for cancer. Eradication of HP infection can prevent or delay
both the development of precancerous lesions and their favoring role on carcinogenesis.
There is a lack of studies evaluating the effect of eradication therapy in preventing GSC
in hemi-gastrectomy cancer patients, HP-positives after surgery. As we have already
emphasized, ours is only a non-systematic, narrative review of the local outcome of gastric
resected patients, and, therefore, our research is probably biased, at least to some extent.
Nevertheless, we would like to stress that our purpose was to provide an exhaustive and
informative review, still important for definition of the problem and for stressing the role
of HP and of the new local environment in the development of further malignancy, which
has important clinical implications.
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Abstract: Background: First-line Helicobacter pylori (H. pylori) treatments have been relatively well
evaluated; however, it remains necessary to identify the most effective rescue treatments. Our aim
was to assess the effectiveness and safety of H. pylori regimens containing rifabutin. METHODS:
International multicentre prospective non-interventional European Registry on H. pylori Management
(Hp-EuReg). Patients treated with rifabutin were registered in AEG-REDCap e-CRF from 2013 to
2021. Modified intention-to-treat and per-protocol analyses were performed. Data were subject to
quality control. Results: Overall, 500 patients included in the Hp-EuReg were treated with rifabutin
(mean age 52 years, 72% female, 63% with dyspepsia, 4% with peptic ulcer). Culture was performed
in 63% of cases: dual resistance (to both clarithromycin and metronidazole) was reported in 46% of
the cases, and triple resistance (to clarithromycin, metronidazole, and levofloxacin) in 39%. In 87% of
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cases rifabutin was utilised as part of a triple therapy together with amoxicillin and a proton-pump-
inhibitor, and in an additional 6% of the patients, bismuth was added to this triple regimen. Rifabutin
was mainly used in second-line (32%), third-line (25%), and fourth-line (27%) regimens, achieving
overall 78%, 80% and 66% effectiveness by modified intention-to-treat, respectively. Compliance
with treatment was 89%. At least one adverse event was registered in 26% of the patients (most
frequently nausea), and one serious adverse event (0.2%) was reported in one patient with leukope-
nia and thrombocytopenia with fever requiring hospitalisation. Conclusion: Rifabutin-containing
therapy represents an effective and safe strategy after one or even several failures of H. pylori
eradication treatment.

Keywords: Helicobacter pylori; H. pylori; rifabutin; treatment; eradication failure; culture; bismuth;
rescue; Hp-EuReg

1. Introduction

Helicobacter pylori (H. pylori) is a worldwide spread bacterium that causes mainly
gastritis, as well as peptic ulcer disease and gastric cancer [1]. Currently, the most used first-
line therapies fail in more than 20% of cases [2]. One of the major factors affecting our ability
to cure H. pylori infection is antibiotic resistance, mainly to the macrolide clarithromycin,
which is growing dramatically in many geographic areas [3,4].

A rescue regimen including a quadruple combination of a proton pump inhibitor
(PPI), bismuth, tetracycline, and metronidazole has been introduced as the optimal rescue
therapy after experiencing H. pylori eradication failure [5]. However, this treatment results
in eradication failure in at least 20% of cases [2,6–8]. In addition, administration of this
regimen is relatively complex, is associated with a high incidence of adverse events (AEs),
and many countries are currently experiencing a general unavailability of tetracycline
and/or bismuth. Furthermore, mainly levofloxacin-containing rescue regimens, produce
a mean eradication rate of only approximately 80%, probably due to the rising H. pylori
resistance to quinolones [9].

And thus, even after two or more eradication treatments, H. pylori infection persists
in several cases, and these patients constitute a therapeutic dilemma. Currently, the
international guidelines recommend performing culture in the aforementioned patients
to select a rescue treatment according to microbial sensitivity to antibiotics, as a standard
third/fourth-line therapy is lacking, although this approach is not always practical [10].
Therefore, it seems worthwhile to perform an evaluation of drugs without cross-resistance
to macrolides, nitroimidazole or quinolones as components of retreatment combination
therapies [11].

Rifabutin, also known as ansamycin (LM 427), is a well-established antimicrobial
agent that belongs to the S-rifamycin derivative group and has been previously suc-
cessfully utilised, among others, for the treatment of atypical Mycobacterium infections
such as Mycobacterium avium-intracellulare complex [12]. Rifabutin may be useful against
H. pylori because this pathogen has high in vitro sensitivity to this drug, which does not
share resistance mechanisms with clarithromycin, metronidazole, or levofloxacin [11,13,14].
Furthermore, the selection of resistant H. pylori strains has been low in experimental condi-
tions [15]. Consequently, rifabutin-based rescue therapies could represent a potential and
attractive strategy for H. pylori eradication failures [12].

The “European Registry on H. pylori Management” (Hp-EuReg) is an international
multicentre prospective non-interventional registry starting in 2013 aimed to evaluate
the decisions and outcomes in H. pylori management, in real-world clinical practice, by
European gastroenterologists from more than 30 countries [2,16]. Therefore, the Hp-EuReg
represents a valued long-lasting overview of current H. pylori management enabling con-
tinuous evaluation of treatment for enhancement. The present study is a sub-analysis of
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this large-scale international multicentre registry, which aimed to assess the effectiveness
and safety of rifabutin-containing regimens used in the management of H. pylori in Europe.

2. Methods

2.1. European Registry on H. pylori Management (Hp-EuReg)

Hp-EuReg is an international, multicentre, prospective, non-interventional registry
that has been recording information on the management of H. pylori infection since 2013. Hp-
EuReg has a Scientific Committee that ensures coherence, continued quality and scientific
integrity of the analyses performed and manuscripts produced. Additionally, the Hp-
EuReg protocol [16] selected national coordinators in the 30 participating countries, where
gastroenterologists are currently recruited at approximately 300 centres to provide their
contribution to the study. The investigators assemble and upload a series of variables and
outcomes into the registry’s database (REDCap) using an Electronic Case Report Form (e-
CRF). The variables include: the patient’s demographic information; any previous attempts
for eradication and the treatments employed; the outcomes of any treatment, recording
details such as compliance, cure rate, follow-up, and any reported AE. The REDCap
database [17] is managed and hosted by the “Asociación Española de Gastroenterología”
(AEG, Madrid, Spain, www.aegastro.es, last accessed 10 March 2022), a non-profit Scientific
and Medical Society that focuses on Gastroenterology research. The study was conducted
according to the guidelines of the 1975 Declaration of Helsinki and was approved in 2012
by the Ethics Committee of La Princesa University Hospital (Madrid, Spain), that acted
as reference Institutional Review Board, was classified by the Spanish Drug and Health
Product Agency, and was prospectively registered at ClinicalTrials.gov (NCT02328131).

2.2. Data Analysis

Data from June 2013 to November 2021 were extracted, and a quality review was
performed on all the records included for each country and centre. The PPI dose used for
H. pylori eradication treatment was grouped into three categories as reported by Gra-
ham [18] and Kirchheiner [19]: Low dose, if the potency of PPI was between 4.5 and 27 mg
omeprazole equivalents when given twice daily; standard dose, for PPI between 32 and
40 mg omeprazole equivalents when given twice daily; and high dose, for PPI between
54 and 128 mg omeprazole equivalents when given twice daily. Treatment duration was
evaluated according to three categories: 10, 12 and 14 days, based on the most frequent
treatment durations.

2.3. Effectiveness Analysis

The main outcome used to evaluate the effectiveness was the eradication rate achieved
with the treatment. H. pylori eradication was confirmed at least one month after completing
eradication treatment with at least one of the following diagnostic methods: Urea breath
test, stool antigen test and/or histology.

Effectiveness was analysed in three sub-groups of patients: (1) an intention-to-treat
(ITT) group that included all patients registered up to November 2021 who had at least a
six-month follow-up, in this group lost to follow-up cases were deemed treatment failures;
(2) a per-protocol (PP) group which included all cases that had a complete follow-up and
had achieved at least 90% treatment compliance, as defined in the protocol; and (3) a
modified ITT (mITT) group that aimed to reflect the closest result to that obtained in clinical
practice; this group included all cases that had completed the follow-up (i.e., that had
undertaken a confirmatory test after the eradication treatment), regardless of compliance.

All different treatments prescribed with rifabutin were examined a priori for effective-
ness according to the rifabutin dose, the PPI dose, the duration of therapy and, whenever
possible, to the line of treatment.
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2.4. Statistical Analysis

Continuous variables were expressed as the mean and standard deviation, whereas
qualitative variables were presented as the absolute and relative frequencies, displayed as
percentages (%) and corresponding 95% confidence intervals.

A multivariate analysis (using a backward modelling strategy, and comparing models
using the log-likelihood ratio) was performed to study in the mITT population the relation
between the eradication rate of rifabutin-containing regimens and the following variables:
age, sex (female [ref.] vs. male), indication (dyspepsia and others [ref] vs. ulcer disease),
compliance (no [ref] vs. yes, defined as taking >90% of the total drug prescribed), PPI dose
(low [ref.] vs. standard, and low vs. high); treatment length (10 [ref.], 12, and 14 days);
treatment line (first-line [ref] vs. second-line vs. all remaining rescue therapies).

3. Results

3.1. Baseline Characteristics

Until November 2021, 500 patients from seven countries had been treated with a
rifabutin-containing regimen and were registered in Hp-EuReg. Three countries accounted
for the majority of cases (90% of the data): Italy (333 patients) and Spain (117 patients)
followed by Israel (33 patients). The remaining participating countries registered less than
10 patients each: France (7 cases), United Kingdom (5 cases), Ireland (3 cases) and Greece
(2 cases).

Mean age was 52 years (±13), 72% of them were female, 63% suffered from dyspepsia,
and 4% from peptic ulcer.

The 13C-urea breath test represented the most frequently (86%) used non-invasive
diagnostic method, while culture and antibiogram was performed in 63% of the patients.
Resistance to at least one of the following antibiotics: clarithromycin, metronidazole and
levofloxacin was reported in 52%, 49% and 47% of the patients, respectively. Dual resistance
(to both clarithromycin and metronidazole) was reported in 46% of the cases, and triple
resistance (to clarithromycin, metronidazole, and levofloxacin) in 39%. No resistance was
reported in 2.2% of those patients with culture testing.

Confirmation of the eradication was at least performed by means of one of the fol-
lowing methods: 13C-urea breath test (81%), monoclonal stool antigen test (3%), histology
(1.4%), polyclonal stool antigen test (0.6%), rapid urease test (0.6%), and culture (0.6%).

3.2. Prescriptions

In total, 18 different rifabutin-containing treatments including two or three other
antibiotics in the scheme were registered. However, in 87% of the cases, rifabutin was used
as part of a triple therapy together with amoxicillin and a PPI, and in an additional 6%
of the patients, bismuth was added to this triple regimen, while the others correspond to
different drug combinations (Table 1).

Table 1. Rifabutin-containing regimens registered in Hp-EuReg between 2013 and 2021.

Prescriptions n (%)

Triple-PPI + A+R 434 (86.8)

Quadruple-PPI + A+R + B 32 (6.4)

Triple-PPI + R+Tc 5 (1.0)

Triple-PPI + L+R 4 (0.8)

Quadruple-PPI + R+D + B 4 (0.8)

Triple-PPI + M+R 3 (0.6)

Quadruple-PPI + L+R + Tc 3 (0.6)
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Table 1. Cont.

Prescriptions n (%)

Quadruple-PPI + R+B + minocycline 3 (0.6)

Triple-PPI + R+minocycline 2 (0.4)

Quadruple-PPI + A+R + Tc 2 (0.4)

Quadruple-PPI + A+R 1 (0.2)

Triple-PPI + R+D 1 (0.2)

Dual-PPI + R 1 (0.2)

Triple-PPI + C+R 1 (0.2)

Quadruple-PPI + L+R + B 1 (0.2)

Quadruple-PPI + C+R + B 1 (0.2)

Quadruple-PPI + A+L + R+Tc 1 (0.2)

Sequential-PPI + C+A + R 1 (0.2)

Total 500 (100)
A: amoxicillin; B: bismuth; C: clarithromycin; D: doxycycline; L: levofloxacin; M: metronidazole; R: rifabutin; Tc:
tetracycline; PPI: proton pump inhibitor; N: Number of patients with prescribed treatment.

Rifabutin was mainly used in second-line (32%), third-line (25%), and fourth-line (27%)
regimens; in addition, rifabutin was also used to a lesser extent as part of a first-line (9%),
fifth-line (6%) or sixth-line (2%) therapy (Table 2).

Table 2. Rifabutin-containing prescriptions and overall effectiveness according to treatment line.

Use, n (%) mITT, n (%) 95%CI PP, n (%) 95%CI

Total 500 (100) 426 (73.5) 69–77 415 (74) 70–78

1st line 43 (9) 41 (73) 58–88 41 (73) 58–88

2nd line 160 (32) 139 (78) 70–85 136 (78) 71–85

3rd line 124 (25) 100 (80) 72–88 97 (81) 73–90

4th line 134 (27) 114 (66) 57–75 109 (67) 58–76

5th line 29 (5) 24 (58) 36–79 24 (58) 36–80

6th line 10 (2) 8 (75) 35–97 8 (75) 35–97
mITT: modified intention-to-treat; PP: per protocol, CI: confidence interval, n: total number of patients analysed.

Overall, the antibiotic treatments were mostly combined with low (46%) or high-dose
PPIs (46%), and administered most frequently for 12 days (58%), and in lower proportion
for 10 (25%) or 14 days (17.5%).

Rifabutin was prescribed at two main dosages: 150 mg once a day (56%) or 150 mg
every 12 h, i.e., 300 mg daily (41%).

Triple therapy together with a PPI, amoxicillin and rifabutin was mainly prescribed in
second- (35%), third- (25%) or fourth-line (24%); and in most of the cases (66%) for 12 days
and with low-dose PPIs (51%).

Finally, quadruple therapy with a PPI, amoxicillin, rifabutin and bismuth was pre-
scribed mainly in fourth-line treatment (66%), in 10-day regimens (84%) and with high-dose
PPIs (78%).
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3.3. Effectiveness

Overall mITT effectiveness in first-, second-, third, fourth-, fifth- and six-line regi-
mens was 73% (n = 30/41), 78% (n = 108/139), 80% (n = 80/100), 66% (n = 75/114), 58%
(n = 14/24) and 75% (n = 6/8), respectively, as further detailed in Table 2.

Although the overall eradication with 12 days therapy was numerically higher (78%:
n = 188/241) than when prescribed for 10 or 14 days (69% in both cases: n = 79/115 and
n = 42/61, respectively), these differences were not statistically significant (p = 0.78).

Similarly, the overall effectiveness of rifabutin regimens was higher when high-dose
PPIs were used (85%, 152/179) as compared to low- or standard-dose PPIs (66%, 138/208
and 58%, 22/38, respectively), however these differences were not statistically significant
(p = 0.86).

Overall effectiveness with a daily rifabutin dosage of 150 mg was higher (78%,
n = 187/239) when compared to the 300 mg daily dosage (67%, n = 110/166), although the
difference was not statistically significant (p = 0.53). On the other hand, when only naïve
patients were assessed, the eradication rate was higher (100%, n = 4/4) in the 300 mg group
than in the 150 mg one (69%, n = 25/36), although such difference did not reach a statistical
significance (p = 0.73).

Figure 1 shows data on the mITT effectiveness of the two most frequent prescriptions
of rifabutin-containing regimens (triple therapy with a PPI, amoxicillin and rifabutin and
quadruple therapy with a PPI, amoxicillin, rifabutin and bismuth) according to treatment
length, PPI dose and treatment line (from second- to fourth-line). These data are further
detailed in Supplementary Table S1 and compared below independently for treatment
length and PPI dose.

Figure 1. Effectiveness by modified intention-to-treat analysis of both triple therapy with amoxicillin
and rifabutin and quadruple therapy with amoxicillin, rifabutin and bismuth, according to duration,
potency of acid inhibition and treatment line. A: amoxicillin; B: bismuth; R: rifabutin; PPI: proton
pump inhibitor (low-dose PPI: 4.5–27 mg omeprazole equivalents (OE) twice daily (bid) (i.e., 20 mg
OE bid), standard-dose PPI: 32–40 mg omeprazole equivalents bid (i.e., 40 mg OE bid), high-dose
PPI: 54–128 mg omeprazole equivalents bid (i.e., 60 mg OE bid).

The overall eradication rate achieved with the triple therapy with amoxicillin and
rifabutin was 73% (n = 265/363); however, in second- and third-line (77%, n = 103/133 and
79%, n = 66/84, respectively) cure rate was higher than in fourth-line (64%, n = 53/83),
with no statistical differences in the eradication rate between treatment lines (p = 0.51).
Effectiveness was numerically higher (78%, n = 187/240) for 12-day treatment than that of
10-day (70%, n = 53/76) or 14-day (54%, n = 21/39) treatment, but these differences were not
statistically significant (p = 0.30). Additionally, higher PPI doses provided better outcomes
with this same regimen (87.5%, n = 119/136) than when combined with either low (66%,
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n = 129/196) or standard PPI doses (53%, n = 16/30), with statistically significant differences
in the eradication rate (p = 0.000). Further details are presented in Supplementary Table S1.

The overall eradication rate achieved with the quadruple therapy with amoxicillin,
rifabutin and bismuth in fourth-line was 68% (n = 21/31), and was similar when prescribed
for a duration of 10 days (68%, n = 18/27) or when combined with high-dose PPIs (68%,
n = 16/24). Likewise, no statistically significant difference (p = 0.20) was reported in the erad-
ication rate with quadruple therapy with amoxicillin, rifabutin and bismuth according to
treatment duration, nor PPI dose. Further details are presented in Supplementary Table S1.

3.4. Safety and Compliance

At least one AE was registered in 26% (n = 126/480) of the patients: the most common
AEs were nausea (7.6%, n = 38)—lasting in over 80% of cases between 4 and 5 days—,
and asthenia (6.2%, n = 31)—lasting in 79% of cases between 5 and 7 days. Intensity of
both AEs was mild or moderate in all patients. One serious AE (0.2%) was reported in one
patient (treated with the triple therapy with amoxicillin and rifabutin), with leukopenia,
thrombocytopenia and accompanying fever that required hospitalisation; but this patient
recovered spontaneously and was discharged from hospital without further complications.

Triple therapy with amoxicillin and rifabutin exhibited significantly (p = 0.001) lower
overall AE incidence (23%, n = 97/417) than the quadruple rifabutin regimen with bismuth
(52%, n = 16/31); however, the latter provided better results in terms of treatment com-
pliance (97%, n = 30/31) than the triple therapy (86%, n = 369/416), with no significant
differences (p = 0.13).

Overall compliance with treatment was 89% (n = 428), although 25% (n = 13, where
nine were treated with the triple therapy with amoxicillin and rifabutin, and one with the
quadruple with rifabutin and bismuth) of patients interrupted the treatment due to AEs.

3.5. Univariate Analysis

In order to equate conditions, the effectiveness of triple therapy with amoxicillin and
rifabutin versus quadruple therapy with amoxicillin, rifabutin and bismuth was compared
when both were prescribed for 10 days and in fourth-line treatment (that is, in those
subgroups where more data were available). In this context, no statistically significant
difference in mITT eradication rate was found between triple therapy and the bismuth-
rifabutin quadruple regimen (66% [n = 27/41] vs. 67% [n = 14/21], p = 0.59).

The analysis was also stratified by PPI dose with both regimens, and a comparison
could be performed when both were combined with high-dose PPIs (during 10 days and in
fourth-line treatment): triple therapy reported a numerically higher mITT eradication rate
(100%, n = 5/5) than quadruple therapy (68%, n = 13/19); but these differences were not
statistically significant (p = 0.28).

Additionally, no subgroup analysis was performed by dosage schedule as a whole;
however, it is noteworthy that one patient was prescribed 150 mg of rifabutin every 12 h
(i.e., 300 mg rifabutin per day).

3.6. Multivariate Analysis

Stepwise multivariate logistic regression analysis was further performed to determine
those variables influencing the most the mITT eradication rate of triple therapy with
amoxicillin and rifabutin (as it was the only regimen with a sufficient sample size for
multivariate analysis).

The analysis revealed that among all the covariates being analysed (age, sex, indi-
cation, compliance, PPI dose; treatment length; treatment line), compliance (OR = 13.1,
95%CI = 2.1–81.4), a high-dose PPI (OR = 4.4, 95%CI = 2.3–8.3), as well as the age (OR = 1.03,
95%CI = 1.01–1.05) were significantly associated with higher therapy success. Addition-
ally, 14-day treatment duration was associated with a tendency (although not significant)
towards lower effectiveness, as compared to 10-day therapy.

19



J. Clin. Med. 2022, 11, 1658

4. Discussion

A relevant proportion of patients still fail to eradicate H. pylori infection, even with the
current most effective treatment regimens. Nowadays, clinicians have to take into account
treatment failures apart from substantiating first-line eradication regimens. In this context,
rifabutin presents potential utility against H. pylori.

Hp-EuReg, an international multicentre prospective non-interventional European Reg-
istry on H. pylori management [16], has allowed us to recruit the largest series of patients
treated with rifabutin, with 500 patients included from 2013 to 2021. Our results, with
approximately 80% H. pylori cure rate—in agreement with previous reviews [12,20,21]—
could be considered relatively encouraging, especially taking into account that rifabutin
regimens were prescribed mainly after two-to-four eradication failures with key antibiotics
such as clarithromycin, metronidazole, tetracycline and levofloxacin. In fact, resistance to
clarithromycin, metronidazole and levofloxacin was reported in 52%, 49% and 47% of our
patients, respectively. Furthermore, dual resistance (to both clarithromycin and metron-
idazole) was reported in almost half of the cases, and triple resistance (to clarithromycin,
metronidazole, and levofloxacin) in more than a third.

The encouraging results obtained with rifabutin-containing regimens are probably
due to the low H. pylori resistance rate to this antibiotic [13,22,23]. Thus, in a previous
systematic review including 39 studies and almost 10,000 patients, rifabutin resistance was
reported in only 0.13% of the cases; furthermore, when only naïve H. pylori participants
were considered, this rate was even lower (0.07%) [12]. In our study, no prevalence data on
the rifabutin resistance were available, and therefore the reduced effect of the resistance to
this antibiotic on the high effectiveness of treatments could not be confirmed. Resistance
to rifabutin is due to mutations in the rpoB gene and there is no cross-reaction with the
resistance mechanisms to the other antibiotics; accordingly, in cases with H. pylori infection
with primary resistance to clarithromycin or metronidazole (or both), rifabutin therapy
has been reported highly effective [24–31], and even in patients with triple resistance to
these two antibiotics plus quinolones [14], which is the usual real-life scenario after several
treatment eradication attempts.

When prescribed as a second-line regimen, a rifabutin-containing regimen was ef-
fective in 78% of the patients in our study; even when used as a sixth-line therapy this
regimen was able to cure the infection in 75% of our cases. These results are consistent with
those summarised in a previous relevant review [12]. Accordingly, a recent study found
that the efficacy of rifabutin treatment was not significantly influenced by the number of
previous treatment failures: eradication rates in patients with one, two, three, and four or
more previous failures were 78.3%, 89.6%, 68.6%, and 88.9%, respectively (non-statistically
significant differences) [32].

Regarding the specific regimen prescribed in Hp-EuReg, rifabutin was used as part of
a triple therapy together with amoxicillin and a PPI in most (≈90%) of the cases, which
achieved cure rates of 77% in second-line, 79% in third-line, and 64% in fourth-line treat-
ments. Liu et al. conducted a meta-analysis of clinical trials for eradication of H. pylori
that included a treatment arm with a PPI, rifabutin, and amoxicillin; twenty-one studies
were included, and the overall reported eradication rate was 70% [20]. More recently,
Gingold-Belfer et al. performed another meta-analysis of randomised controlled trials with
a treatment arm consisting of PPI, amoxicillin, and rifabutin, and the pooled cure rate in
the 33 studies selected was 71.8% [21].

With respect to rifabutin dose and frequency in H. pylori eradication regimens, the ma-
jority of studies prescribe rifabutin 300 mg/day [12]. However, in our study, approximately
50% of the patients received only 150 mg/day. The H. pylori cure rate in published small
number of previous studies using rifabutin 150 mg/day was about 40–70% only [33,34],
although other studies have reported higher eradication rates [14,29,35]. There is only
one study directly comparing both doses: Perri et al. [33] performed a randomised study
where patients persistently infected after one or more courses of standard regimens were
treated for 10 days with pantoprazole, amoxicillin, and rifabutin 150 mg once daily or
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300 mg once daily. In intention-to-treat analysis, eradication rates were 67% in the rifabutin
150 mg group and significantly higher (87%) in the rifabutin 300 mg group. As opposed
to these results, our study showed a similar effectiveness with a daily rifabutin dosage of
150 mg (78%) to that of the 300 mg daily dosage (67%); however, when only naïve patients
were assessed, the eradication rate was higher (100%) in the 300 mg group than in the
150 mg one (69%), although such difference remained not statistically significant. This may
probably due to the small sample size (n= 4 patients) in our 300 mg group, which may not
be very representative and therefore the lack of statistical significance may not imply the
real effect.

The ideal length of rifabutin treatment remains unclear, but 10 to 12-day regimens are
generally recommended [12], as it was the case in Hp-EuReg, where ≈80% of the patients
received this regimen. In some reports, a 7-day course was as efficacious as 10 to 14-day
regimens, while this shorter duration dramatically reduced the efficacy, with eradication
rates of only 44%, as reported elsewhere [36]. Although rifabutin treatment could be more
likely to be successful when treatment duration is 14 days, as suggested in some studies [21],
many other exposed that therapy between 12 and 14 days achieves similar results to the
10-day course and is likely to rise the incidence of AEs [37]. A recent randomised controlled
trial compared 10-day vs. 14-day eradication therapy with PPI, amoxicillin and rifabutin
and determined that over 90% of patients resulted in successful eradication with 14-day
therapy, but stated that considering the tolerability of therapy, 10-day treatment may be
enough to obtain a successful eradication rate [38]. In line with these results, in our study,
therapy with amoxicillin and rifabutin was prescribed mostly for 12 days, achieving higher
effectiveness (78%) than when prescribed for 10 (70%) or even 14 days (54%), although
these differences were not statistically significant.

Bismuth is one of the few antimicrobials to which resistance is not developed [39].
In addition, bismuth has an additive effect with antibiotics, overcomes levofloxacin and
clarithromycin resistance and its efficacy is not affected by metronidazole resistance [39,40].
Therefore, combining bismuth and rifabutin in the same regimen may be a promising option.
Some authors have evaluated a combination of a triple therapy with a PPI, amoxicillin
and rifabutin, with bismuth—and thus converting this triple regimen into a quadruple
one—, with encouraging results [41–43]. Ciccaglione et al. reported, in a small sample size
population, that the addition of bismuth to a triple therapy that included PPI, amoxicillin,
and rifabutin in patients treated for the third time for H. pylori infection resulted in 30%
therapeutic gain compared to rifabutin-based triple therapy alone [42]. In our study, the
addition of bismuth did not seem to increase the effectiveness of the rifabutin-triple regimen
68% vs. 73%, respectively), although the number of patients receiving the quadruple
regimen was considerably low (n = 32) and in most of them was utilised as a fourth-line
rescue regimen. And so, as previously stated this lack of statistical differences between the
triple and the bismuth quadruple therapies, may be due to the differences in sample sizes
between groups or potentially that the finding could reliably exclude several covariates
that may introduce some bias.

In Hp-EuReg, compliance with treatment was quite satisfactory (89%) and the safety
profile was acceptable. At least one AE was registered in 28% of the patients (most fre-
quently nausea and asthenia), but most of them (>95%) were of mild-to-moderate intensity.
This seems to be a favourable safety profile, mainly when compared to other well stablished
eradication regimens, such as the bismuth and non-bismuth quadruple therapies [44,45].
In a recent meta-analysis of all studies including rifabutin for H. pylori eradication, mean
rate of AEs was 15% [12]. In our study, only one serious AE (0.2%) was reported in a
single patient with leukopenia and thrombocytopenia with fever requiring hospitalisation.
Accordingly, a recent review on the use of rifabutin for H. pylori infection [21], only found
one severe AE reported in the literature [31].

Myelotoxicity is the most significant AE of rifabutin [46,47]. Overall, this complication
is rare and is far more likely when high dose (600 mg/day) and prolonged duration
therapy is used [46,47]. Several cases of myelotoxicity during H. pylori therapy have been
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mentioned in the literature [27,28,35,37,48–52]. However, myelotoxicity was not reported
in most of the studies evaluating rifabutin for H. pylori infection. In the studies describing
this complication, myelotoxicity was observed in 1.5% to 3% of the patients [27,28,37,50,52],
although some studies reported higher incidence [49,51]. In the meta-analysis conducted by
Gingold-Belfer et al., neutropenia was addressed in 27 studies, where 19 of them reported
no cases of neutropenia and eight studies reported at least one case; and so, in total, only
17 patients developed neutropenia across all studies [21]. All patients reported in the
literature recovered from myelotoxicity uneventfully within few days, with spontaneous
recovery from leukopenia. In several cases, the leukopenia was clinically apparent with
fever [37,49]. Infections or other adverse outcomes related to reduced white cell count have
not been reported in the setting of H. pylori treatment [27,28,37,48–52].

Only few studies have compared a triple combination of a PPI, amoxicillin and ri-
fabutin with the widely used “classic” bismuth quadruple regimen [27,30,33,36]. As an
example, in the randomised study by Perri et al., side effects were less frequent in rifabutin-
treated patients than in those on bismuth quadruple therapy; additionally, the eradication
rates were reported the same in both groups (67%) when rifabutin was prescribed at 150 mg,
and even higher (87%) when prescribed at 300 mg [33]. Miehlke et al. [30] compared, also in
a randomised study, rifabutin-based triple therapy for 7 days vs. high-dose dual therapy for
14 days, for rescue treatment of H. pylori; premature discontinuation of treatment occurred
in 2% and 5% of patients respectively. Finally, one study directly compared rifabutin to
levofloxacin as third-line therapy for H. pylori, and AEs were reported in 60% and 50% of
the cases, respectively. However, in this study, the intention-to-treat eradication rate was
reported lower (45%) in the rifabutin group as compared to the levofloxacin one (85%) [51].

The major limitation of our study was that the rifabutin regimens in the studied
cohort were heterogeneous, including several schemes, doses, and durations. Nonetheless,
most of the regimens included a triple combination of rifabutin together with a PPI and
amoxicillin administered for 10-to-12 days. Heterogeneity was inherent to the study design
of Hp-EuReg (i.e., observational, non-interventional) and therefore difficult to avoid, as
wide selection criteria were initially established to reflect as much as possible real clinical
practice. Most of patients came from only three countries, and this might introduce selection
bias. Another point to highlight is that culture was performed in only 63% of the cases;
however, this reflects real routine gastroenterology practice in Europe, where antibiograms
are not performed on a routine basis and treatments are mainly empirically prescribed [10];
furthermore, as previously noted, resistance to rifabutin is exceptional, occurring in less
than 1% of the cases [12].

In summary, from the analysis of Hp-EuReg, it can be deduced that rifabutin-containing
therapy represents a relatively effective and safe strategy after one or even several failures
of H. pylori eradication treatment, although still insufficient as not reaching the desired
90% threshold of eradication [7]. Since resistance to rifabutin is practically non-existent,
and rifabutin therapy is highly effective even in patients with primary resistance to clar-
ithromycin, metronidazole, and levofloxacin, rifabutin usage in an empirical manner may
be suggested as “rescue” therapy without culture in those patients in whom these an-
tibiotics have failed. Recent studies have also evaluated the role of rifabutin in H. pylori
treatment in naïve patients, with encouraging results [31,53]. Nevertheless, the consider-
ation of rifabutin as a novel first-line treatment option for H. pylori infection should be
carefully weighed against concerns regarding microbial resistance, treatment cost (rifabutin
is quite expensive), and the availability and effectiveness of alternative drugs.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm11061658/s1, Table S1: Effectiveness of both triple therapy
with amoxicillin and rifabutin and quadruple therapy with amoxicillin, rifabutin and bismuth,
according to duration, potency of acid inhibition and treatment line.
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Abstract: Background: Image-enhanced endoscopy methods such as narrow-band imaging (NBI) are
advantageous over white-light imaging (WLI) for detecting gastric atrophy, intestinal metaplasia, and
cancer. Although new third-generation high-vision ultrathin endoscopes improve image quality and
resolution over second-generation endoscopes, it is unclear whether the former also enhances color
differences surrounding atrophy and intestinal metaplasia for endoscopic detection. We compared
the efficacy of a new third-generation ultrathin endoscope and an older second-generation endoscope.
Methods: We enrolled 50 Helicobacter pylori-eradicated patients who underwent transnasal endoscopy
with a second-generation and third-generation endoscope (GIF-290N and GIF-1200N, respectively) in
our retrospective study. Color differences based on the International Commission on Illumination 1976
(L*, a*, b*) color space were compared between second-generation and third-generation high-vision
endoscopes. Results: Color differences surrounding atrophy produced by NBI on the GIF-1200N
endoscope were significantly greater than those on GIF-290N (19.2 ± 8.5 vs. 14.4 ± 6.2, p = 0.001). In
contrast, color differences surrounding intestinal metaplasia using both WLI and NBI were similar
on GIF-1200N and GIF-290N endoscopes. NBI was advantageous over WLI for detecting intestinal
metaplasia on both endoscopes. Conclusions: NBI using a third-generation ultrathin endoscope
produced significantly greater color differences surrounding atrophy and intestinal metaplasia in
H. pylori-eradicated patients compared with WLI.

Keywords: third-generation ultrathin endoscope; transnasal endoscopy; narrow-band imaging;
Kyoto classification of gastritis; gastric atrophy and intestinal metaplasia

1. Introduction

In Japan, the Kyoto classification of gastritis was developed to identify patients at
high risk of developing gastric cancer using a grading system for endoscopic risk that is
based on endoscopic characteristics of gastritis related to Helicobacter pylori infection [1,2].
This system assesses patients for gastric cancer risk by scoring five endoscopic parameters,
namely atrophy, intestinal metaplasia, enlarged folds, nodularity, and diffuse redness [1,2].
Given that gastric cancer arising from long-term H. pylori infection is a major concern
around the world, and H. pylori-positive patients develop gastric cancer at a rate of 0.4%
annually [3], it is important to accurately evaluate the endoscopic risk of gastric cancer,
especially in terms of gastric atrophy and intestinal metaplasia, in H. pylori-positive and
previously eradicated patients at high risk of gastric cancer [2,4,5].

Recent developments in endoscopic instrumentation and image-enhancement tech-
niques, known together as image-enhanced endoscopy (IEE), including narrow-band
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imaging (NBI), blue laser imaging, linked color imaging, and texture and color enhance-
ment imaging with or without magnification, have improved the detection rate of gastric
atrophy, intestinal metaplasia, and cancer [6–10]. Although transnasal and oral endo-
scopes differ in their detection rates for gastrointestinal diseases and the assessment of
the severity of gastritis [11,12], in 2020, Olympus Co. developed a third-generation high-
vision ultrathin endoscope called GIF-1200N with a new high-quality complementary
metal-oxide semiconductor sensor that could improve resolution, noise, and graduation
over older second-generation endoscopes such as GIF-290N. In addition, the development
of a new processor called EVIS X-1 has improved image quality over older processors
such as EXERA III and LUCERA ELITE. Therefore, combining the new third-generation
ultrathin endoscope with the new processor is expected to increase the detection rate of
endoscopic atrophy, intestinal metaplasia, and cancer over a combination of the older
second-generation endoscope and older processor [13]. Although determining color differ-
ences according to the International Commission on Illumination (CIE) 1976 (L*a*b*) color
space is a typical objective endoscopic analysis method [10,14,15], it is unclear whether
third-generation endoscopes produce significantly greater color differences surrounding
atrophy and intestinal metaplasia for endoscopic detection.

In Japan, transnasal endoscopy using an ultrathin endoscope has become a popular
medical screening test because it is relatively pain-free for patients. Given their widespread
use, it is prudent to evaluate the usefulness of these tests. Here, we investigated whether
a new high-vision third-generation ultrathin endoscope using white-light imaging (WLI)
and NBI improves the detection of gastric cancer risk assessed based on the Kyoto classifi-
cation of gastritis compared with an older second-generation endoscope in H. pylori-eradic-
ated patients.

2. Materials and Methods

2.1. Study Design and Patients

This study was a retrospective trial conducted at Tokyo Medical University Hospital
to investigate the efficacy of transnasal endoscopy for evaluating the severity of gastritis
in patients who had received eradication therapy for H. pylori infection. Of patients who
had a history of transnasal endoscopy with a second-generation endoscope (GIF-290N,
Olympus Co., Tokyo, Japan), we enrolled 50 patients aged ≥ 20 years who had subsequently
undergone endoscopy with a high-vision third-generation ultrathin endoscope as part
of a health check-up (GIF-1200N, Olympus Co., Tokyo, Japan). Exclusion criteria were
patients with a history of gastric surgery, a lack of clear images to evaluate endoscopic
gastritis, atrophy and intestinal metaplasia, and no history of eradication therapy for
H. pylori infection.

The study protocol adhered to the ethical principles of the Declaration of Helsinki and
was approved by the institutional review board of Tokyo Medical University (T2020-0059).
Because this study was conducted under a retrospective design, and written informed
consent was not obtained from each enrolled patient, a document describing an opt-
out policy through which potential patients and/or relatives could refuse inclusion was
uploaded on the Tokyo Medical University Hospital website.

2.2. Endoscopy and Severity of Gastritis

Endoscopy was performed using the older second-generation GIF-290N (from March 2015
to June 2020) and new third-generation ultrathin GIF-1200N endoscopes (from April 2021
to January 2022) (Figure 1). The severity of gastritis was retrospectively scored according to
the Kyoto classification of gastritis and the Kimura–Takemoto classification [1,16]. In the
Kyoto classification, the total score is calculated by summing the scores for five parameters,
namely atrophy, intestinal metaplasia, hypertrophy of gastric folds, nodularity, and diffuse
redness [2,17–19]. The 1st and 2nd endoscopies were performed by an expert endoscopist
(KT). Two expert endoscopists independently evaluated the severity of gastritis using
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WBI. When scores assigned by the two endoscopists differed, a consensus was reached by
reviewing patient images.

Figure 1. Images taken using a second-generation GIF-290N ultrathin endoscope by white-light
imaging (A), third-generation GIF-1200N ultrathin endoscope by white-light imaging (B), second-
generation endoscope by narrow-band imaging (C), and third-generation endoscope by narrow-band
imaging (D). The endoscopic features of mucosal atrophy are characterized by a discolored mucosa
and visible capillary network in the atrophic area (A–D). Intestinal metaplasia is defined as multiple
ashen nodular or cobblestone-like lesions on atrophic mucosa observed (A,B). Villous appearance,
whitish mucosa, and rough mucosal surface are helpful indicators for the endoscopic diagnosis of
intestinal metaplasia. Map-like redness is defined as reddish depressed areas of various shape and
sizes in the atrophic area (A).

2.3. Measurement of Colors

Color differences surrounding atrophic borders and intestinal metaplasia were mea-
sured and compared between GIF-290N and GIF-1200N endoscopes [10]. We randomly set
three pairs (with and without) of regions (atrophy or intestinal metaplasia) of interest and
calculated the color difference in each patient using pictures of similar anatomical location
(i.e., antrum and lesser curve of lower body) at both GIF-290N and GIF-1200N endoscopes.
Color differences were calculated using the CIE 1976 (L*, a*, b*) color space [20,21], a
three-dimensional model composed of a black-white axis (L*, brightness), a red-green axis
(a*, red-green component), and a yellow-blue axis (b*, yellow-blue component). The color
difference was defined as ΔE, which expresses the distance between two points in the color
space. ΔE was calculated using the following formula: {(ΔL*)2+ (Δa*)2+(Δb*)2}1/2, where
ΔL*, Δa*, and Δb* are differences in the L*, a*, and b* values, respectively, between regions
with and without atrophy and intestinal metaplasia. Each ΔL*, Δa*, and Δb* value was
determined by a computer operator who was blinded to clinical information using Adobe
Photoshop, version 22.5.1 (Adobe KK, Tokyo, Japan).
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2.4. Statistical Analysis

Parameters including age, height, body weight, and Kyoto classification score are
expressed as mean ± standard deviation (SD). Categorical variables for GIF-290N and GIF-
1200N endoscopes are summarized as n (%) and were compared using χ2 tests. Statistically
significant differences in mean Kyoto classification scores and mean ΔE between GIF-290N
and GIF-1200N endoscopes were determined using Student’s t-test. A p-value < 0.05 was
considered statistically significant, and all p-values were two-sided. All statistical analyses
were performed using the statistical analysis software SPSS, version 27.0 (IBM Japan,
Tokyo, Japan).

3. Results

3.1. Patient Characteristics

Of patients who had a history of endoscopy using GIF-290N, we randomly enrolled
50 H. pylori-eradicated patients, who had subsequently undergone transnasal endoscopy
using the GIF-1200N endoscope as part of a health check-up. The mean age was 74.3 ± 6.6 years
and 54.0% of patients were male (Table 1). Baseline diseases included peptic ulcers in 10.0%
of patients (n = 5), gastric cancer in 6.0% (n = 3), and other cancers in 24.0% (n = 12). Drugs
taken included proton pump inhibitors in 32.0% of patients (n = 16), antiplatelet drugs in
32.0% (n = 16), and anticoagulants in 8.0% (n = 4) (Table 1). The mean duration from 1st to
2nd endoscopies was 35.5 ± 19.8 (months ± SD).

Table 1. Characteristics of patients enrolled in this study.

All Patients (n = 50)

Age (years ± SD) 74.3 ± 6.6
Sex [male, n (%)] 27 (54.0%)

Height (cm ± SD) 160.8 ± 8.7
Body weight (kg ± SD) 58.8 ± 9.7

H. pylori infection, Negative/Current/Eradicated [n/n/n] 0/0/50
Smoking, Never/Current/Past [n/n/n] 32/1/17

Alcohol [n (%)] 32 (64.0%)
Diseases

Peptic ulcer [n (%)] 5 (10.0%)
Gastric cancer [n (%)] 3 (6.0%)

Cancer (others) [n (%)] 12 (24.0%)
Hyperlipidemia [n (%)] 17 (34.0%)

Hypertension [n (%)] 28 (56.0%)
Diabetes mellitus [n (%)] 7 (14.0%)

Drugs
Proton pump inhibitor [n (%)] 16 (32.0%)

NSAID [n (%)] 0 (0%)
Antihypertensive drug [n (%)] 32 (64.0%)

Antihyperlipidemic drug [n (%)] 20 (40.0%)
Antiplatelet drug [n (%)] 16 (32.0%)

Anticoagulant [n (%)] 4 (8.0%)
Antidiabetic drug [n (%)] 9 (18.0%)
Bisphosphonate [n (%)] 2 (4.0%)

Mean duration from 1st to 2nd endoscopies (months ± SD) 35.5 ± 19.8
Abbreviations: H. pylori: Helicobacter pylori, NSAID: non-steroidal anti-inflammatory drug, SD: standard deviation.

3.2. Severity of Gastritis Assessed Using WLI on GIF-290N and GIF-1200N Endoscopes

On WLI, the severity of gastritis based on the degree of atrophy scored according to the
Kimura–Takemoto classification, and the degree of atrophy, intestinal metaplasia, enlarged
folds, nodular gastritis, and diffuse redness scored according to the Kyoto classification of
gastritis were similar between GIF-290N and GIF-1200N endoscopes (Table 2). The rates of
detection of xanthoma, multiple white and flat elevated lesions and map-like redness were
also similar between GIF-290N and GIF-1200N endoscopes (data not shown).
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Table 2. Severity of gastritis by white-light imaging according to the Kimura–Takemoto classification
and Kyoto classification of gastritis.

Category/Characteristic
GIF-1200N
Endoscope

(WLI)

GIF-290N
Endoscope

(WLI)
p-Value

Kimura–Takemoto
classification

Atrophy C-O–C-II 9 (18.0%) 8 (16.0%) 0.240
C-III–O-I 29 (58.0%) 36 (72.0%)
O-II–O-III 12 (24.0%) 6 (12.0%)

Kyoto classification of
gastritis
Atrophy A0 2 (4.0%) 0 (0%) 0.420

A1 13 (26.0%) 16 (16.7%)
A2 35 (70.0%) 34 (66.7%)

Intestinal metaplasia IM0 15 (30.0%) 11 (22.0%) 0.662
IM1 12 (24.0%) 15 (30.0%)
IM2 23 (46.0%) 24 (48.0%)

Enlarged folds H0 49 (98.0%) 50 (100%) 1
H1 1 (2.0%) 0 (0%)

Nodular gastritis N0 50 (100%) 50 (100%) 1
N1 0 (0%) 0 (0%)

Diffuse redness DR0 46 (92.0%) 46 (92.0%) 1
DR1 4 (8.0%) 4 (8.0%)
DR2 0 (0%) 0 (0%)

Similarly, mean endoscopic scores of gastritis evaluated using WLI according to the
Kyoto classification of gastritis were not significantly different between GIF-290N and
GIF-1200N endoscopes (Table 3).

Table 3. Endoscopic severity of gastritis by white-light imaging according to the Kyoto classification
of gastritis.

Endoscopic Characteristic
GIF-1200N
Endoscope

GIF-290N
Endoscope

p-Value

Atrophy 1.66 ± 0.56 1.68 ± 0.47 0.709
Intestinal metaplasia 1.16 ± 0.87 1.26 ± 0.80 0.168

Enlarged folds 0.02 ± 0.14 0.00 ± 0.00 0.322
Nodular gastritis 0.00 ± 0.00 0.00 ± 0.00
Diffuse redness 0.08 ± 0.27 0.08 ± 0.33 1.000

Total score 2.94 ± 1.641 3.12 ± 1.29 0.060
Data show mean ± standard deviation.

3.3. Color Differences in Endoscopic Atrophy and Intestinal Metaplasia on GIF-290N and
GIF-1200N Endoscopes

The color difference surrounding atrophic borders evaluated using NBI was 14.4 ± 6.2 on
the GIF-290N endoscope and 19.2 ± 8.5 on the GIF-1200N endoscope; the difference was
significantly greater on the GIF-1200N than the GIF-290N endoscope (p = 0.001, Table 4).
Significant differences evaluated using NBI were also observed along the black–white
(ΔL*) and the red–green axis (Δa*) surrounding atrophy between GIF-290N and GIF-1200N
endoscopes. In contrast, there was no significant color difference surrounding atrophic
borders observed using WLI between the two endoscopes (Table 4).
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Table 4. Color differences between areas with and without atrophy and between regions with and
without intestinal metaplasia.

Finding
GIF-1200N
Endoscope

GIF-290N
Endoscope

GIF-1200N
Endoscope

GIF-290N
Endoscope

WLI WLI p-Value NBI NBI p-Value

Atrophy ΔL* 5.8 ± 11.0 5.7 ± 7.9 0.954 12.3 ± 13.0 5.6 ± 11.5 0.030
Δa* −6.0 ± 4.7 −8.8 ± 7.3 0.015 −1.6 ± 10.3 5.5 ± 6.5 0.002
Δb* −0.6 ± 3.0 −2.4 ± 4.1 0.012 2.0 ± 3.7 2.3 ± 2.9 0.733
ΔE* 13.4 ± 6.4 15.0 ± 4.8 0.133 19.2 ± 8.5 14.4 ± 6.2 0.001

Intestinal
metaplasia ΔL* 2.2 ± 4.7 3.3 ± 4.9 0.034 5.0 ± 6.7 3.0 ± 8.5 0.388

Δa* −0.6 ± 5.3 −2.5 ± 6.0 0.076 −9.3 ± 5.8 −9.0 ± 5.0 0.819
Δb* −0.5 ± 2.7 −1.7 ± 3.3 0.043 −2.3 ± 3.6 −2.9 ± 2.0 0.415
ΔE* 7.1 ± 3.3 6.9 ± 3.1 0.738 13.7 ± 4.2 13.3 ± 4.4 0.760

Abbreviations: WLI: white-light imaging, ΔL*: change in brightness, Δa*: change in red-green component,
Δb*: change in yellow-blue component, ΔE: color difference; * p < 0.05. Bold meant data with p < 0.05 with
significant different.

Likewise, there were no significant differences in ΔE surrounding intestinal metaplasia
using either WLI (7.1 ± 3.3 and 6.9 ± 3.1) or NBI (13.7 ± 4.23 and 13.3 ± 4.4) on the GIF-
290N compared to the GIF-1200N endoscope (Table 4).

When color differences surrounding atrophic borders were compared between WLI
and NBI on the GIF-1200N endoscope, the difference in NBI (19.2 ± 8.5) was significantly
greater than that in WLI (13.4 ± 6.4, p < 0.001, Figure 2). In contrast, no significant
differences were observed in ΔE surrounding atrophic borders between WLI and NBI on
the GIF-290N endoscope. The color differences surrounding intestinal metaplasia using NBI
on the GIF-290N and GIF-1200N endoscopes were 13.3 ± 4.4 and 13.7 ± 4.2, which were
significantly greater than those observed using WLI (6.9 ± 3.1 and 7.1 ± 3.3, both p < 0.001,
respectively) (Figure 2).

Figure 2. Color differences surrounding atrophic borders (A) and intestinal metaplasia (B) between WLI
and NBI using third-generation GIF-1200N and second-generation GIF-290N ultrathin endoscopes.

4. Discussion

We demonstrated that NBI with a third-generation ultrathin endoscope produced
significantly greater color differences based on the CIE 1976 (L*, a*, b*) color space sur-
rounding atrophic borders than a second-generation endoscope in H. pylori-eradicated
patients. In addition, NBI using a third-generation endoscope produced significantly
greater color differences surrounding atrophy and intestinal metaplasia compared with
WLI. Therefore, combining third-generation endoscopes with IEE methods such as NBI may
be useful for identifying patients at a high risk of gastric cancer at health check-ups through
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not only improved image quality, resolution, noise, and graduation, but also increased
color differences.

4.1. Efficacy of Third-Generation High-Vision Ultrathin Endoscope for Detecting Gastric
Cancer Risk

Given that advances in endoscopic technology have markedly enhanced the diagnostic
capability of endoscopy, it is important to determine the best method for identifying patients
with a higher risk of gastric cancer and the best endoscopic method for diagnosing early-
stage gastric cancer in H. pylori-positive and H. pylori-eradicated patients. The detection
rate of gastric cancer and diagnostic efficiency for gastritis among those at a high risk of
developing gastric cancer is affected by the skill of the endoscopist (e.g., experience and
knowledge concerning endoscopy and gastric cancer), gastric environment (e.g., H. pylori
infection, mucus, mucosal redness, and the severity of atrophy and intestinal metaplasia),
tumor-related factors (e.g., location, size, form, number of tumors, and pathological types),
and endoscope image-related factors (e.g., image quality, resolution, noise, graduation,
type of IEE, field of view and ease of passage).

Because transnasal endoscopy performed using an ultrathin endoscope is safe and
can be performed without any sedation, endoscopic examination is often performed
transnasally to reduce invasiveness and distress to the patient [22–24]. However, ma-
jor disadvantages of transnasal endoscopy include the need for complex considerations
(e.g., anesthesia of the nasal cavity, use of vasoconstrictors, limited manipulations, and
lower power aspiration and air supply), poor image quality, lower detection rate of gastroin-
testinal diseases, and different evaluation methods for the severity of gastritis compared
with oral endoscopy [12,25]. In fact, when we investigated the capability of a second-
generation endoscope for diagnosing gastric cancer in 255 consecutive patients who un-
derwent gastrointestinal screening, the sensitivity, specificity, and diagnostic accuracy
for gastric cancer diagnosis using WLI were as low as 50.0%, 63.6%, and 61.5%, respec-
tively [11]. Likewise, Toyoizumi et al. [12] reported that the sensitivity and specificity of
a second-generation ultrathin endoscope for diagnosing gastric cancer were significantly
lower than that of a high-resolution oral endoscope (sensitivity 58.5% vs 78%, p = 0.021;
specificity 91.8% vs 100%, p = 0.014). However, the introduction of a third-generation
ultrathin endoscope (GIF-1200N; Olympus Co., Tokyo, Japan) with improved resolution in
2020 has made it possible to obtain high-definition images of the microsurface of the mu-
cosa. Although few studies have reported the usefulness of this third-generation ultrathin
endoscope with high image quality for detecting gastric cancer, our previous preliminary
study showed that the sensitivity of WLI with the third-generation GIF-1200N endoscope
was 85.7% for gastric cancer diagnosis, which is a significant improvement on the second-
generation GIF-XP290N endoscope (31.8%) [13]. Clearly, distinguishable colors at the
border of a tumor, atrophy and intestinal metaplasia can enhance an endoscopist’s ability to
determine the extent of the tumor, atrophy, and intestinal metaplasia. Therefore, in addition
to endoscope image-related factors such as image quality, resolution, noise, and gradua-
tion, assessing color differences according to the CIE 1976 (L*a*b*) color space is also an
objective endoscopic analysis method (e.g., detection of intestinal metaplasia and atrophic
border between WLI and IEE) [10,14,15]. In this study, we demonstrated for the first time
that NBI using a third-generation ultrathin endoscope produces significantly greater color
differences surrounding atrophic borders than a second-generation endoscope. The high
image quality, high resolution, and low noise of the third-generation ultrathin endoscope
are expected to improve the detection rate of gastric cancer, and screening for gastric cancer
using third-generation ultrathin endoscopes will become increasingly important as the
number of patients who have received H. pylori eradication therapy increases.

4.2. NBI Using Ultrathin Endoscopy for Identifying Patients at High Risk of Gastric Cancer

Gastric cancer is relatively common worldwide, with over 1,000,000 new cases reported
in 2018, and an estimated 783,000 reported deaths [26]. A recent meta-analysis showed that
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eradication therapy reduces the risk of gastric cancer, with a relative risk of 0.51–0.67 [27],
although it cannot prevent gastric cancer development in all patients. Therefore, the
surveillance of all H. pylori-eradicated patients is important for the early diagnosis of gastric
cancer. In fact, regular endoscopic surveillance increases the survival rate of gastric cancer,
with a Japanese cohort study showing that >95% of cases with gastric cancer identified by
annual endoscopy surveillance can be cured by endoscopic resection [28].

The current H. pylori infection rate in Japan is about 35%, and most Japanese patients
with atrophy undergoing a health check-up by endoscopy have previously received eradi-
cation therapy for H. pylori infection. Because endoscopic characteristics differ between
H. pylori-positive and eradicated patients, we focused on strategies for detecting atrophy
and intestinal metaplasia in H. pylori-eradicated patients in this study. Although WLI is
currently the most common endoscopic technique for the stomach, a diagnosis by WLI
is based on the size and color of the lesion, and the characteristics of the lesion surface,
surrounding mucosa, and gastric rugae. This makes the experience of the endoscopist
immensely important and causes great variability in diagnostic findings. Despite sufficient
illumination by a new processor for endoscopy, abnormalities in mucosal discoloration
and morphological changes to the mucosal surface go undetected using WLI or a combi-
nation of WLI and indigocarmine chromoendoscopy in 18.9–21.6% of early-stage gastric
cancer cases [29,30]. A recent multicenter randomized controlled trial also failed to show
the efficacy of second-generation NBI for early-stage gastric cancer detection in high-risk
patients (1.9% in WLI and 2.3% in second-generation NBI, p = 0.412) [31]. However, recent
studies have reported that the vessel plus surface (VS) classification system, which uses
innovative optical image-enhancing technology in magnifying NBI endoscopy to enable
the better visualization of surface structures and blood vessels than WLI, has high diag-
nostic capability for determining the extent of invasion of early-stage gastric cancer and
superficial squamous cell carcinoma of the head and neck and the esophagus [29,30,32,33].
In fact, the MAPS II guideline, an official statement from the European Society of Gas-
trointestinal Endoscopy, states that using a high-definition endoscope with IEE is more
effective for detecting atrophy and intestinal metaplasia than high-definition WLI alone [34].
Similarly, guidelines for the endoscopic diagnosis of early gastric cancer from the Japan
Gastroenterological Endoscopy Society Guideline Committee [5] recommend using con-
ventional WLI for determining the depth of invasion of early gastric cancer (Strength of
recommendation: 2, Level of evidence: C) and IEE for diagnosing the extent of invasion
(Strength of recommendation: 1, Level of evidence: B). A randomized controlled trial by
Asada-Hirayama et al. reported that magnifying NBI endoscopy produced significantly
better results than indigocarmine chromoendoscopy in endoscopic submucosal dissection
(ESD) cases (89.4% vs. 75.9%, p = 0.007) [29]. Additionally, we previously reported that
the diagnostic accuracy of a second-generation ultrathin endoscope using WLI is as low as
61.5% but can be increased to 92.3% by adding observation with NBI [11]. In this study,
color differences surrounding atrophic borders and intestinal metaplasia were significantly
greater on a third-generation ultrathin endoscope using NBI (19.2 ± 8.5 and 13.7 ± 4.2,
p < 0.001) than WLI (13.4 ± 6.4 and 7.1 ± 3.3, both p < 0.001). Our findings provide the first
evidence of the efficacy of NBI with a third-generation ultrathin endoscope for detecting
gastric atrophy and intestinal metaplasia as indicators of precancerous lesions over WLI.
Large-scale multi-center prospective studies are needed to investigate the efficacy of NBI
with a third-generation endoscopy for detecting atrophy, intestinal metaplasia, and gastric
cancer, and for identifying those at high risk among not only H. pylori-eradicated patients,
but also H. pylori-positive and naive patients.

4.3. Limitations

This study has a few limitations. First, it was a retrospective single-center study and
the sample size was small. Second, endoscopic evaluations of gastritis using GIF-290N and
GIF-1200N were performed at different times. In general, gastric atrophy and intestinal
metaplasia after eradication therapy in any patients are gradually recovered depended

34



J. Clin. Med. 2022, 11, 2198

on age, severity of atrophy, and intestinal metaplasia at eradication, and environmental
and genetic factors [35,36]. In this study, because the mean duration from first to second
endoscopies was 35.5 ± 19.8 months, the severity of gastritis may differ between GIF-290N
and GIF-1200N endoscopes. Because two endoscopies should be carried out at the same
time to compare ability, this study may have potential biases. However, mean endoscopic
scores of gastritis evaluated using WLI according to the Kyoto classification of gastritis
were not significantly different between GIF-290N and GIF-1200N endoscopes, of which
the difference in gastric mucosal situation by the duration from first to second endoscopies
may ignore. However, we will plan to clarify the clinical endoscopic significance between
GIF-290N and GIF-1200N at the same time, as part of further study. Third, we evaluated
the severity of gastritis by combining GIF-1200N with the EVIS X-1 processor and GIF-
290N with the LUCERA ELITE processor; therefore, differences in processor functionality
may have affected the results. Fourth, although pathological examination is considered
the gold standard for the evaluation of gastric atrophy and intestinal metaplasia, we did
not evaluate pathological gastritis in this study. Therefore, we cannot completely deny a
hypothesis that the apparently better image quality of a particular imaging technique for
an evaluation of atrophy and intestinal metaplasia may actually be an artifact during the
image management process.

5. Conclusions

We showed that NBI with a third-generation high-vision ultrathin endoscope enhanced
color differences surrounding atrophy and intestinal metaplasia according to the CIE 1976
(L*a*b*) color space compared to a second-generation endoscope in H. pylori-eradicated
patients. Thus, third-generation ultrathin endoscopes may possess greater diagnostic
efficiency for screening and improve risk stratification for gastric cancer.
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Abstract: The stool antigen test (SAT) represents an attractive alternative for detection of Helicobac-
ter pylori. The aim of this study was to assess the accuracy of a new SAT, the automated LIAISON®

Meridian H. pylori SA based on monoclonal antibodies, compared to the defined gold standard
13C-urea breath test (UBT). This prospective multicentre study (nine Spanish centres) enrolled pa-
tients ≥18 years of age with clinical indication to perform UBT for the initial diagnosis and for
confirmation of bacterial eradication. Two UBT methods were used: mass spectrometry (MS) includ-
ing citric acid (CA) or infrared spectrophotometry (IRS) without CA. Overall, 307 patients (145 naïve,
162 with confirmation of eradication) were analysed. Using recommended cut-off values (negative
SAT < 0.90, positive ≥ 1.10) the sensitivity, specificity, positive predictive value, negative predictive
value and accuracy were 67%, 97%, 86%, 92% and 91%, respectively, obtaining an area under the
receiver operating characteristic (ROC) curve (AUC) of 0.85. Twenty-eight patients, including seven
false positives and 21 false negatives, presented a discordant result between SAT and UBT. Among the
21 false negatives, four of six tested with MS and 11 of 15 tested with IRS presented a borderline UBT
delta value. In 25 discordant samples, PCR targeting H. pylori DNA was performed to re-assess posi-
tivity and SAT accuracy was re-analysed: sensitivity, specificity, positive predictive value, negative
predictive value, accuracy and AUC were 94%, 97%, 86%, 99%, 97% and 0.96, respectively. The new
LIAISON® Meridian H. pylori SA SAT showed a good accuracy for diagnosis of H. pylori infection.
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1. Introduction

Helicobacter pylori (H. pylori) is a highly prevalent worldwide infection and is the
main cause not only of gastritis, but also of peptic ulcer and gastric cancer. Therefore, an
accurate diagnosis remains crucial [1]. H. pylori screening and eradication is indicated in
several clinical contexts including gastric cancer precursor lesions, peptic ulcer disease and
gastric mucosa-associated lymphoid tissue lymphoma, among others [2,3]. However, more
recently, consensus has been reached on eradicating H. pylori regardless of the associated
clinical condition [4].

Although different methods have been established to detect H. pylori infection, iden-
tifying H. pylori-infected patients is a challenge. H. pylori infection diagnostic methods
are classically divided into invasive and non-invasive. Invasive methods are based on
the detection of the organism in the stomach by means of gastric biopsy samples (histol-
ogy, rapid urease test (RUT), culture and molecular diagnostic methods), which require
an endoscopy. This strategy should be considered in patients with alarm symptoms or
in older (i.e., >50–55 years) patients. On the other hand, non-invasive methods do not
require an endoscopic examination and are currently the most widely used diagnostic
techniques [5–7].

Uninvestigated dyspepsia represents one-quarter of primary care referrals to the
gastroenterologist in Spain [8]. In the absence of alarm symptoms, and in those younger
than 50–55, a “test-and-treat” strategy would be appropriate for diagnosis, preferring
non-invasive tests such as urea breath test (UBT) or stool antigen test (SAT) rather than
prescribing proton pump inhibitors (PPIs) or endoscopy [9–11].

The UBT has been classically considered the preferred non-invasive technique due
to its excellent sensitivity and specificity (>95–100%) demonstrated in countless studies
and meta-analyses. Moreover, UBT has been the most widely used diagnostic method
in recent years, making it an optimal gold standard [12,13]. Although UBT is safe, some
disadvantages have been described: point-of-care testing, significant consumption of
patient time (30–60 min), fasting requirement, the high cost of qualified personnel or
sending the collected samples to an analytical laboratory [14]. In addition, there are
physical difficulties for certain populations (e.g., children and disabled) in performing the
test [15].

The SAT is a low-cost diagnostic method, without the previously described disadvan-
tages, suitable for at-risk populations [16]. Indeed, some studies have suggested its better
cost-effectiveness compared to other techniques [17,18].

Two types of SATs have been described: the enzyme immunoassays, such as enzyme-
linked immunosorbent assay (ELISA) or the more recently developed, chemiluminescence-
based immunoassays (CLIA), and “rapid” or “in-office” tests (immunochromatography assay
or ICA). These methods can be based either on polyclonal or monoclonal antibodies [6,16].
With regard to “rapid” or “in-office” tests, controversial results have been reported [19] and
they are not recommended in clinical practice guidelines due to their limited accuracy [20].

The diagnostic performance of different SATs is heterogeneous, although there is no
doubt that the use of monoclonal antibodies has resulted in a higher accuracy compared to
polyclonal antibodies, both in adults and children [15,19,21].

The high accuracy of SAT has been widely demonstrated in most reviews and meta-
analyses, providing a sensitivity above 80–90%. Additionally, a sensitivity of 83% has
been reported in a very recent Cochrane meta-analysis, with no discrimination between
monoclonal and polyclonal antibodies [12], while other studies evaluating the monoclonal
technique showed a higher sensitivity and specificity (96.2% and 94.7%, respectively), in
the paediatric population [21].
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Another study, also in children, showed a sensitivity and specificity of 97% [15].
A meta-analysis by Gisbert et al. reported sensitivity and specificity data >93% both be-
fore and after H. pylori treatment [19]. Additionally, a clinical review by the Canadian
Drug Agency described a sensitivity and specificity of 90.0–92.4% and 91.0–100%, respec-
tively, with monoclonal SAT [22]. Therefore, SAT is currently recommended by the main
international guidelines as a valid and reliable diagnostic method [2,20,23].

As previously mentioned, the CLIA technique for the identification of H. pylori in
faeces has proven similar accuracy to that reported for both ELISA and the best performing
lateral flow immunoassays, with additional advantages [24].

In the current study, we evaluated the accuracy of the LIAISON® Meridian H. pylori
SA test for the diagnosis and confirmation of eradication of H. pylori infection. This new test
is a fully automated, time saving, objective and traceable CLIA, which detects the presence
of H. pylori antigen in human stools using unique monoclonal antibodies.

2. Materials and Methods

2.1. Patients and Design

This is a prospective, comparative, multicentre study that aimed to evaluate the accu-
racy of the new LIAISON® Meridian H. pylori SA stool antigen test. Nine Spanish centres
participated in the study. Consecutive adult patients with indication of H. pylori infection
primary diagnosis or confirmation of the bacterial eradication according to standard clinical
practice were enrolled between November 2019 and May 2021. Patients were included for
both pre- and post-treatment tests, and the signing of an informed consent for each test
was required.

Inclusion criteria were indication to perform an H. pylori infection diagnosis; capacity
and willingness to give written informed consent; prior prescribed 13C-UBT; and, for
confirmation of eradication (if the patient was included for post-eradication treatment
diagnosis), performance of the test at least four weeks after the treatment was discontinued.
Exclusion criteria were age below 18 years; advanced chronic disease that would not allow
the patient to complete follow-up or attend follow-up visits; previous gastric surgery;
alcohol or drug abuse; antibiotic or bismuth salts consumption four weeks prior to testing;
and PPI intake two weeks prior to testing.

The study protocol was approved by the Ethics Committee of all participant hospitals.

2.2. Stool Antigen Test

Patients were instructed to obtain a faecal sample within 24–36 h either before or after
the UBT was performed.

H. pylori was detected using a new automated LIAISON® Meridian H. pylori SA assay
(REF 318200, DiaSorin, Stillwater, MN, USA) (Supplementary File S1). The test is a CLIA
in sandwich format that uses novel monoclonal antibodies for capture and detection of
H. pylori stool antigen. Testing was performed following the manufacturer’s instructions at
the laboratory of Hospital de La Princesa (Madrid, Spain). Specimens had to be stored at
least at −20 ◦C.

The process was performed automatically by the LIAISON® XL analyser (DiaSorin
SpA, Saluggia, Italy). Two hundred microlitres of the diluted sample (mixture of sample
diluent and stool) was incubated with paramagnetic particles coated with capture anti-
bodies. Isoluminol conjugated antibodies for H. pylori antigen were subsequently added
and incubated and the unbound material was washed. Then the flash chemiluminescent
reaction was initiated and chemiluminescent light was measured by a photomultiplier.
Relative light units (RLU) were recorded. RLU were proportional to the concentration of
the H. pylori stool antigen present.

Specimens were classified as negative, equivocal or positive based on their index (<0.9,
0.9–1.1 and >1.1, respectively). The trained operator was unaware of the results of the
reference tests.
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Equivocal LIAISON® results (CLIA values of 0.9–1.1) were solved by immediately
repeating SAT on another sample from the same specimen using a kit from a different batch.
This latter result was the one valid for analysis.

2.3. Urea Breath Test

The gold standard was defined by the 13C-UBT. Two UBT methods were used ac-
cording to the available and standard clinical practice from the participating centres. The
professionals analysing the UBT test were unaware of the SAT results.

2.3.1. Isotope Ratio Mass Spectrometry (IRMS)

The commercial test TAU-KIT® (Isomed, S.L., Madrid, Spain) was used. The patient
had to fast at least six hours before the test was performed. Initially, a citric acid solution
(4.2 g, Citral pylori®) dissolved in 200 mL of water was administered. After 10 min, samples
were collected to determine the reference value of the test. The urea solution was prepared
by dissolving a 100 mg tablet of this substrate in 125 mL of water. After 30 min following
the administration of the urea solution, samples of exhaled breath were again collected.
Samples were classified as either negative, unclear or positive based on delta values (<4‰,
4–5‰ and 5‰, respectively).

Patients with unclear UBT results (delta values between 4‰ and 5‰ measured by
mass spectrometer) were asked to repeat both the UBT and the stool sample at least four
weeks after testing. These latter results were used for the analysis.

2.3.2. Non-Dispersive Isotope-Selective Infrared Spectrometry (NDIRS)

The UBT was performed using UBTest 100 mg (Ferrer Internacional, Barcelona, Spain).
Determinations were performed in accordance with the manufacturer’s specifications. The
patient had to fast at least eight hours before the test performance. A basal breath sample
was collected by blowing into a specially designed bag. After this, patient swallowed a
pill of 100 mg of 13C-labelled urea in 100 mL of water, and 20 min later filled a second
breath bag. Samples were immediately processed by NDIRS (POConeTM or POConePlus,
Infrared Spectrophotometer, Otsuka Pharmaceutical, Tokyo, Japan). In accordance with the
manufacturer’s specifications, an increase in the proportion 13C/12C (Δ13CO2 (‰)) of 2.5‰
or more after urea intake was considered as indicative of H. pylori infection. No unclear
values are described by the manufacturer.

2.4. H. pylori Detection by PCR

Faecal samples with discrepant results between UBT and SAT data were subjected to
two different polymerase chain reactions (PCR) in an external laboratory for confirmation of
H. pylori presence. Samples were transported at a temperature of at least −20 ◦C. First, DNA
was extracted in an automated extractor device (KingFisher, Thermo Scientific, Waltham,
MA, USA) employing magnetic particles (MagMax CORE Nucleic Acid Purification Kit,
Applied Biosystems, Foster City, CA, USA) and following the instructions from the man-
ufacturers. PCR amplification was performed in 100 ng of DNA (final volume 50 μL) by
using primer oligonucleotides for the glmM gene and the 16S rRNA region of H. pylori
(SYNLAB Diagnósticos Globales S.A.U., Barcelona, Spain). The threshold detection limit of
the aforementioned techniques is 200–300 copies per gram of faeces. For the amplification
of the H. pylori 16S rRNA region, a nested PCR assay was performed with 30 cycles in each
amplification and hybridisation temperatures of 34 ◦C and 41 ◦C in the first and second
amplifications, respectively. For the amplification of the glmM gene, a PCR assay was
performed with 40 cycles at a hybridisation temperature of 48 ◦C. Detection of the specific
amplified bands (398 bp for 16S rRNA and 294 bp for glmM gene) was performed in 3%
agarose gels. All tests were performed by experienced laboratory professionals, blinded
to the H. pylori status of the samples and to the results of the other tests. To confirm the
presence or absence of H. pylori in faecal samples, the results of both PCRs must be positive
or negative, respectively.
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2.5. Statistical Analysis

Quantitative variables are provided as the mean and the standard deviation (SD).
Categorical variables are expressed as percentages and 95% confidence intervals (CIs). The
statistical significance threshold was set at a p-value < 0.05.

Sensitivity, specificity, positive predictive value (PPV) and negative predictive value
(NPV) and their 95% CIs were calculated by standard methods, and positive and negative
likelihood ratios (LR+ and LR–, respectively), using the UBT results as study gold standard.
The study was reported in compliance with the Standards for the Reporting of Diagnostic
Accuracy Studies (STARD) recommendations [25].

The sample size was calculated based on the formula by Jones et al. [26]. Two dif-
ferent sample size calculations were performed: one each for the pre-treatment and post-
treatment analyses.

Calculations were performed using an expected (desired) sensitivity and specificity of
97%, a precision of 5% and a CI of 95%. Based on published data and previous experience
in our country, the expected pre-treatment prevalence was 45% (of dyspeptic patients
attending a gastroenterology outpatient clinic) and post-treatment prevalence would range
from 20 to 30% depending on the administered treatment (as the effectiveness in clinical
practice ranges from 70 to 80%).

Under these conditions, the estimated required sample size was 100 and 166 patients
for pre-treatment and post-treatment, respectively. It should be taken into consideration
that some doctors are prescribing optimized treatments (four drugs, 14 days), which may
reduce the post-treatment prevalence down to 10–15%. In the worst case scenario (with
only a 10% post-treatment prevalence), given this sample size, and maintaining a 95% CI
and an expected accuracy at 97%, the precision would be 8%.

3. Results

A total of 321 patients were screened in nine centres; of these, 14 were excluded,
leaving 307 patients for enrolment in the study (Figure 1). The baseline characteristics of
the included subjects are shown in Table 1.

Figure 1. Flow diagram of the enrolled patients.

A STARD flow diagram of the study is shown in Figure 2, including the overall pool
of patients evaluated, the pre-treatment group (i.e., treatment-naïve patients) and the
post-treatment group (i.e., those where a confirmation of eradication was requested).

In two patients, delta values were unclear (between 4‰ and 5‰, measured by IRMS).
In these two patients, the UBT was repeated, and a new stool sample was collected at
least four weeks after the baseline test. Another two faecal samples provided equivocal
LIAISON® results (CLIA values of 0.9–1.1). This problem was solved by immediately
repeating the SAT on another sample from the same specimen, obtaining valid results.
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Table 1. Characteristics of the included patients.

Variables

Age (mean ± SD) 47.1 ± 14.4
N (%)

Gender (female) 207 (67)
Clinical indication
� Pre-treatment/naïve 145 (47)
� Post-treatment/confirmation 162 (53)
UBT method
� IRMS 118 (38)
� NDIRS 189 (62)
History of peptic ulcer 14 (5)
H. pylori infection prevalence (by UBT) % (95% CI)

� Overall 21 (16–26%)
� Pre-treatment/naïve 29 (21–37%)
� Post-treatment/confirmation 14 (8–19%)

N = 307

N: number of patients included; CI: confidence intervals; UBT: urea breath test; IRMS: isotope ratio mass
spectrometry; NDIRS: non-dispersive isotope-selective infrared spectrometry.

Figure 2. Standards for the Reporting of Diagnostic Accuracy Studies (STARD) flow diagram of the
study. N: number of patients included; SAT: stool antigen test; GS+: gold standard positive; GS−:
gold standard negative.

The LIAISON® Meridian H. pylori SA test had an overall sensitivity of 67% (95% CI
55–79%) and a specificity of 97% (95–99%). PPV and NPV were 86% (75–97%) and 92%
(88–95%), respectively. The LR+ and LR– were 23 (11–49) and 0.34 (0.24–0.48), respectively.
Global accuracy was 91% (88–94%) with an area under the ROC curve (AUC) of 0.85
(0.78–0.92).

Sensitivity, specificity, PPV, NPV, accuracy, LR+, LR–, and AUC were calculated
separately for treatment-naïve patients and in the post-treatment group. Results are shown
in Tables 2 and 3, respectively.

In total, 28/307 patients (including seven false positives and 21 false negatives) pre-
sented a discordant result between SAT and UBT. Among the 21 false negatives, four of
six tested with IRMS had a UBT delta value very close to the cut-off point (values between
5.2 and 5.8 being the cut-off point with IRMS 5‰). In addition, 11/15 tested with NDIRS
had a UBT delta value near the cut-off point (with values below 10), and 10/15 had values
equal to or lower than 8.5 (the cut-off point with NDIRS 2.5‰).

Twenty-five of these samples were subjected to a confirmatory PCR. In three discordant
samples, all of them classified as false negatives, the remaining sample was insufficient for
PCR analysis. All stool PCRs were negative for H. pylori DNA detection. The accuracy of
the LIAISON® Meridian H. pylori SA assay was re-analysed, considering these patients as
non-infected. Results are shown in Table 4.
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Mean UBT value (±SD) in treatment-naïve positive patients was 43.3 ± 28.4 and
18.4 ± 15.2 measured by IRMS and NDIRS, respectively. Mean UBT value (±SD) in post-
treatment negative patients was 0.96 ± 0.98 and 0.54 ± 0.52 measured by IRMS and NDIRS,
respectively.

4. Discussion

The present study evaluated the accuracy of an H. pylori diagnostic method, a chemi-
luminescent immunoassay of the LIAISON® Meridian H. pylori SA versus the performance
of the 13C-UBT, defined as the gold standard.

Although high levels of global accuracy (91%) and specificity (97%) were shown with
this novel strategy, the sensitivity was sub-optimal (67%) both in naïve diagnostic testing
(74%) and in post-treatment eradication confirmatory testing (55%). Even though the results
were lower than expected, they were within the range of variability found in a recent meta-
analysis of SATs, which described a high heterogeneity of performance depending on the
brand, or even for the same brand in different populations [22]. Several methodological
aspects should be taken into consideration when extracting conclusions from our results.

First, the choice of 13C-UBT as the unique gold standard method might represent
a limitation in the correct classification of patients as positive or negative for H. pylori
infection. The concern arises because no invasive diagnostic method, such as histological
evaluation, RUT or culture was used as the gold standard, neither a combination of two or
more diagnostic tests. Therefore, using 13C-UBT only as the reference method, misdiagnosis
by the UBT may hide the existence of correct stool classifications by SAT.

Second, and regarding the two different UBT technologies used, multiple studies
and meta-analyses support the high accuracy of NDIRS and its high correlation with
IRMS, with sensitivity and specificity for H. pylori infection diagnosis > 90–95% for both
techniques [27,28]. Conversely, recent studies [29–31] have suggested that NDIRS tests offer
a low specificity, between 47 and 88%, and a low PPV (with Otsuka equipment, including
the POCone spectrophotometer used in our study), with a relatively high false-positive
rate. This could be a consequence of the NDIRS cut-off point set by the manufacturer,
as there is evidence of an increase in specificity from 60 to 90% [30], or from 47.1% to
95.7% [31] by raising the currently recommended cut-off point from 2.5‰ to 8.5‰. In fact,
other studies [29,31] suggest an even larger “grey or borderline area” of 2–10‰ where
the positive UBT results obtained with NDIRS may be less reliable and could possibly be
classified as false positive.

Kwon et al., basing their results on a post-treatment group of 223 UBT-positive patients
with values ranging from 2.5‰ to 10.0‰, found that 34% were false positives as determined
by endoscopic biopsy [31]. Furthermore, there is evidence that when the UBT is positive,
delta figures are usually much higher than the cut-off point [32], in line with our study,
where results showed mean positive UBT values of 43 and 18 measured by IRMS and
NDIRS, respectively.

In this respect, it should be highlighted in our study that the majority of “false nega-
tives” of the SAT (11/15 analysed with NDIRS) were within these borderline values (2.5‰
to 10.0‰). In addition, very recent guidelines recommended the use of IRMS technology as
a first choice UBT reference method, leaving NDIRS as an alternative [33]. Furthermore, it
is remarkable that citric acid is not included in the NDIRS protocol, in contrast to that of
IRMS, as citric acid has proven to make the UBT more robust and is an essential component
of the protocol [2,13].

All the above-mentioned considerations might explain the lower sensitivity of the
LIAISON® Meridian H. pylori SA assay (65%) in the present study when compared to
NDIRS, which raised (to 71%) when compared to IRMS. These data suggest a slightly
lower PPV and specificity of the NDIRS UBT than would be expected. Moreover, it can be
assumed that the higher accuracy of the IRMS UBT is probably due, at least in part, to the
use of citric acid in its protocol.
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Focusing on the benefits of using SAT as a non-invasive method, several advantages
such as rapidity are to be highlighted, since the sample can be delivered with no need to
remain in the hospital or medical centre, thereby reducing work absenteeism, tending to
simplicity in the procedure and subsequently lowering the costs. In addition, some studies
suggested that SAT has the same diagnostic value in patients with distal gastrectomy as
in patients without surgery [14,34] and regardless of treatment with PPIs [35]. However,
these statements are not widely accepted, and further studies are needed. Hence, we
excluded these patients from our protocol. On the other hand, the SAT also has some
disadvantages, including that negative SAT results may not indicate the absence of H. pylori
infection but rather low density of H. pylori in the stomach and a low antigen load in the
stool [16]. However, this disadvantage is common for most non-invasive methods, for
instance, with UBT it has even been suggested to select a lower cut-off value (compared to
the pre-treatment setting) in order to maintain the diagnostic accuracy for the monitoring
of H. pylori eradication [32].

Concerning the SAT methodology, as mentioned in Section 1, SATs can be either based
on ELISA, CLIA or ICA [7]. The former has been the most widely studied and recommended
by international guidelines due to its high diagnostic accuracy [2]. Laboratory-based
CLIAs are widely used in clinical laboratories. This technique has elevated sensitivity
due to the broad contact surface area provided by the particles of the reagent for antigen–
antibody interaction, as well as the increased intra- and inter-assay accuracy inherent
to CLIA versus ELISA methodology. Luminescent transitions of excited molecules or
atoms to a state of lower energy are characterised by electromagnetic radiation dissipated
as photons in the ultraviolet (UV), visible or near-infrared region. These luminescent
reactions are classified according to the energy source involved during the excitation
step; thus, most classical light-emission reactions are referred to as bioluminescence (from
in vivo systems), chemiluminescence (from a chemical reaction, as is the case of this study
protocol), electroluminescence (from electrochemical reaction) and photoluminescence
(from UV, visible or near-infrared radiations). Chemiluminescence reactions are generally
oxidoreduction processes and the excited compound, which is the reaction product, has
a different chemical structure from the initial reactant [36,37]. The technology has the
ability to detect minimal quantities of antigen in stool samples (4 ng/mL), and by using
a photomultiplier, the luminescence signal can be measured down to a few photons [24].
Additionally, automation enables processing a large number of samples in a short period
of time, thereby saving time, providing objective results, minimising mishandling and
ensuring proper traceability. Altogether these characteristics warrant validation studies of
this technique in our setting.

Technological advances allow the use of techniques such as chemiluminescence for the
diagnosis of H. pylori infection, and technological developments also enable progress in the
treatment or control of infection through the use of sensors capable of detecting anti-biofilm
drugs or urease inhibitors [38,39].

The accuracy of the automated LIAISON® Meridian H. pylori SA assay has been previ-
ously evaluated in a limited number of publications. Opekun et al. [40] included 277 patients
and combined different methods including histology, culture and RUT as gold standard,
obtaining a high sensitivity and specificity (95.5% and 97.6%, respectively). However, only
eight patients were included in the post-treatment group. Ramírez-Lázaro et al. [24] in-
cluded 252 untreated patients. Compared to the gold standard (concordance of the RUT,
histopathology and UBT), the test had a sensitivity of 90.1% and a specificity of 92.4%, with
PPV and NPV > 90%. Another evaluation of the test in 103 untreated patients with dys-
pepsia was performed in Spain [41] using the same gold standard (UBT) as in the present
study and reporting results similar to ours, with a sensitivity of 72% and a specificity of
96.2%. However, this latter study was reported only as a conference abstract. Thus, to the
best of our knowledge, our study included the largest number of post-treatment patients in
which confirmation of H. pylori eradication was assessed.
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It has been suggested that in the post-treatment setting the SAT may have a suboptimal
performance given the low prevalence of infection, with PPV around 50% [42]. In this
regard, the present study is in accordance with current literature as the LIAISON® Meridian
H. pylori SA assay accuracy was inferior in the post-treatment setting (sensitivity 55%,
specificity 98%, AUC 0.79) than in naïve patients (sensitivity 74%, specificity 96%, AUC
0.88) while maintaining an acceptable post-treatment PPV of 80% despite a prevalence of
H. pylori of only 14% (consequence of an eradication rate of 86%). Therefore, despite the
fact that meta-analyses claim that H. pylori monoclonal SAT can also be used in the post-
treatment setting with high sensitivity and specificity [19], it may have worse diagnostic
performance than in the naïve setting. Nevertheless, considering the data after performing
PCR on stool from discordant samples, excellent accuracy values were also obtained in the
post-treatment setting (sensitivity 100%, specificity 98%, AUC 0.94).

The use of molecular techniques, such as stool PCR, is increasing not only for diagnosis
but also for non-invasive detection of bacterial antibiotic resistance [43]. The overall
sensitivity of stool PCR as a diagnostic test, depending on target gene, ranges between 40
and 100%, being the highest for the 23s RNA and 16s RNA genes, the latter with sensitivity
and specificity close to 100% in some studies [44]. The two most consistent meta-analyses,
one including twenty-six studies and the other one including seven studies in children,
calculated a sensitivity range of 70–80% [15,45].

The genes used in our study, glmM and 16s rRNA, have a sensitivity of 56% and 74%,
and a high specificity of 99% and 87%, respectively, with an excellent AUC (≥0.95), placing
them as two of the first-choice genes for stool PCR testing [45]. In addition, we used a nested
PCR for the amplification of the 16s rRNA gene, a front-line technique due to its higher
sensitivity and the ability to amplify the target sequence at a lower concentration, as it
involves two rounds of amplification [15,16,45]. Furthermore, combination of several target
genes might help to improve the diagnostic performance by reducing the possibility of
missed detection [16]. The combination of these two genes in gastric biopsies of 387 patients
provided a sensitivity and specificity of 92.9% and 92.4%, respectively, which is superior to
histopathology and RUT [46].

Therefore, we re-analysed the data by considering our 25 discordant patients as “true
negatives”, with both negative genes in stool samples, especially in view of the borderline
positive value of the UBT in most of them. This improved the accuracy of the LIAISON®

H. pylori SA up to a sensitivity of 94%, a specificity of 97%, and an AUC of 0.96.
Our study has some limitations, such as not having an invasive method or a com-

bination of several diagnostic methods as the gold standard or using two different UBT
technologies. On the other hand, our study has several strengths: the inclusion of prospec-
tively evaluated patients, the multicentre study design, its large sample size, the inclusion
not only of pre-treatment but also post-treatment patients, and the performance of stool
PCR analysis of discordant samples.

5. Conclusions

In conclusion, the LIAISON® H. pylori SA chemiluminescent diagnostic assay showed
a good accuracy for diagnosis of H. pylori infection, both pre- and post-treatment.
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Abstract: Helicobacter pylori (Hp) is a prevalent organism infecting almost half the global population.
It is a significant concern, given its associated risk of gastric cancer, which is the third leading cause
of cancer death globally. Infection can be asymptomatic or present with dyspeptic symptoms. It
may also present with alarm symptoms in the case of progression to cancer. Diagnosis can be
achieved non-invasively (breath tests, stool studies, or serology) or invasively (rapid urease test,
biopsy, or culture). Treatment involves acid suppression and regimens containing several antibiotics
and is guided by resistance rates. Eradication is essential, as it lowers the risk of complications
and progression to cancer. Follow-up after eradication is similarly important, as the risk of cancer
progression remains. There have been many recent advances in both diagnosis and treatment of
Hp. In particular, biosensors may be effective diagnostic tools, and nanotechnology, vaccines, and
potassium-competitive acid blockers may prove effective in enhancing eradication rates.

Keywords: Helicobacter pylori; gastric cancer; peptic ulcer disease; triple therapy; bismuth; vono-
prazan; dyspepsia

1. Introduction

Hp is a Gram-negative, characteristically curved bacteria that was first observed to
be present in the stomach lining in the 19th century [1,2]. It was not until 40 years ago
that its association with gastric inflammation was demonstrated [3]. The finding that Hp
could cause gastritis earned the investigators the Nobel Prize in 2005 for its myriad impli-
cations [2]. This discovery generated a massive body of research into the manifestations,
treatments, and associations of Hp infection and revolutionized our understanding of the
role of pathogens in disease [2,4].

Why Is H. Pylori Important?

Hp is strongly associated with duodenal ulcers (present in as many as 90% of cases),
gastric ulcers (up to 80%), and malignancy; it can lead to mucosa-associated lymphoid tissue
(MALT) lymphoma, as well as gastric cancer in as many as 90% of cases [5]. In 2014, the
World Health Organization (WHO) called for the elimination of Hp as a means to decrease
gastric cancer mortality worldwide, and in 2017. it deemed clarithromycin-resistant Hp
strains a serious threat to public health [6]. In this review, we will present an overview
of H. pylori disease characteristics, including epidemiology and clinical presentation, and
discuss the most recent advances in evaluation and management of this entity.

2. Epidemiology

Helicobacter pylori is highly ubiquitous [7], colonizing roughly half of the world’s
population [7,8]. The primary mechanism of transmission is yet to be identified but is
presumed to involve person-to-person transmission [9] through fecal/oral exposure. The
prevalence of Hp varies widely by region; Asia, Latin America, and Africa tend to have
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higher rates (up to 80% in some countries), whereas North America and Oceania have the
lowest rates (as low as 24%) [10,11]; those born in the 1930s have a much higher prevalence
than those born in the 1970s [10]. One meta-analysis estimated the global prevalence of Hp
at 44.3%, ranging from 34.7% in developed countries to 50.8% in developing countries [12],
and most recent studies show a continuous decline in Hp prevalence over the years [13].
Despite this trend, there is a worrisome increase in antibiotic-resistant Hp strains [14].

2.1. Antibiotic Resistance

Unsuccessful eradication has been a recurrent issue over the years; treatment fail-
ure rates are continuously on the rise, in large part due to the increasing prevalence of
antibiotic-resistant Hp strains [14–18]. This is a global phenomenon affecting most countries,
although specific resistance rates vary by region and antibiotic type [19]. One meta-analysis
found that clarithromycin resistance reached as high as 35% in eastern Mediterranean,
European, and western Pacific regions, whereas it was the lowest in Africa, the Americas,
and southeast Asia, at around 15% [14]. Levofloxacin showed a somewhat similar trend,
with 14% resistance in the Americas, Africa, and Europe; and around 25% in Mediter-
ranean, southeast Asian, and western Pacific regions. Reported metronidazole rates were
much higher in this study, ranging from 30 to 91%, whereas amoxicillin resistance was
negligible in most regions, except for Africa, where it was 38% [14]. To put these numbers
into perspective, a local resistance of >15% is the common threshold for choosing alter-
nate treatment regimens [19,20]. In reality, the epidemiology of antibiotic resistance is far
more complex, as there considerable variation within the countries of each region. This
obstacle is compounded by the fact that in most regions worldwide, studies are focused
primarily on a handful of countries [19]. In the US, for instance, national data are scarce,
and fewer than half the states are routinely included in studies [21,22]. Better data are
available from Europe, where various studies have been conducted in individual countries,
as well as larger-scale projects. One study on 3974 patients by the European Registry of
Helicobacter pylori Management (Hp-EuReg) found that resistance rates to clarithromycin
and levofloxacin were significantly higher in southern Europe (e.g., Italy, Spain, and Greece)
as opposed to northern Europe (e.g., Norway) [23]. Alarmingly, strains collected from 52%
of Hp-naïve and 80% of non-naïve patients exhibited some form of antibiotic resistance in
this study [23]. Antibiotic resistance may, in part, be influenced by treatment for previous
Hp infections. This entity recurs in around 4% of cases annually [24,25], and various risk
factors have been identified that contribute to this phenomenon.

2.2. Risk Factors

Risk factors can be categorized on a societal or individual level. The former en-
compasses geographic location; economic development; and sanitation, including ac-
cess to clean food and water [26]. Low familial socioeconomic status and overcrowding
(i.e., crowded living conditions and large family sizes) are also associated with increased
Hp prevalence [26]. Consumption of unpasteurized dairy products [27], sheepherding [28],
high-risk occupations (healthcare) [29], obesity [30], male gender [31], and the gut micro-
biome [32] pose an increased risk of infection. Smoking and alcohol are two variables that
are controversial with respect to their role in Hp infections [33–43].

3. Etiopathogenesis

The pathogenesis of Hp infection can be divided into distinct steps, whereby the
bacteria (1) attaches to and colonizes the gastric mucosa, (2) evokes and evades an immune
response, and (3) induces disease. Once present in the stomach, H. pylori swims toward the
mucous lining the epithelial layer, showing a tropism for sites of injury along the stomach
wall [44]. This chemotaxis relies on Tlp receptors (mainly TlpB) to direct flagellar motion
in response to chemical signals in the cell environment [45]. Urea, gastric acid, lactate,
and reactive oxygen species have all been identified as signals for these receptors; urea in
particular is secreted by the gastric epithelium and is thought to play a significant role in
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bacterial colonization [45]. However, undiscovered chemicals may also be implicated in
this process [46]. Hp utilizes urease to protect itself from the surrounding acid environment.
Urease breaks urea down into ammonia and other useful metabolites, increasing the pH in
the microenvironment to create a thin, pH-neutral layer around the bacterial cell, allowing
it to survive the gastric acid. This barrier reduces the viscosity of the mucin gel lining the
stomach wall and allows the bacteria to move freely through the mucous toward the gastric
glands that it will ultimately colonize [46,47].

Bacterial attachment to gastric epithelial cells is a complex process that involves the
synergistic interaction of several elements and relies heavily on Lewis (Le) antigens. Lewis
antigens are cell-surface glycoproteins that mediate cell-to-cell adhesion by binding to
selectins on target cells [48]. The lipopolysaccharide (LPS) component of the Hp cell wall
has been found to express Lewis-like antigens, among which LeX, in particular, has been
shown to play a minor role in adhesion [49].

Bacterial outer membrane proteins (OMPs), on the other hand, operate as binding
sites to which host Lewis antigens can bind, facilitating attachment. The OMPs on Hp can
be divided into five genomic families [50], of which H. pylori OMP (Hop) and Helicobacter
outer membrane (Hom) play the largest roles [51]. Blood antigen-binding adhesin A (BabA)
and sialic acid-binding adherence (SabA) are members of the Hop family and are the most
well-studied of all OMPs [52]. BabA promotes cell-to-cell adhesion by binding to host
LeB [53], whereas SabA binds to sialylated LeX (sLeX) to facilitate cell adhesion [54]. SabA
additionally stimulates a neutrophil response by binding neutrophil sLeX and activating
a G-protein-coupled, receptor-mediated signaling cascade [55]. Interestingly, sLeX is up-
regulated upon the occurrence of Hp infection and gastric inflammation, which suggests
that SabA may be involved in strengthening and maintaining adhesion, as opposed to
initiating it [54]. MUC5a and MUC1 mucin receptors are the primary target for these OMPs
and can expedite and hinder infection, respectively [56–58]. Whereas BabA and SabA are
the main adhesins involved, several other OMPs, such as outer inflammatory protein A
(OipA), HopQ, HopZ, and the Hom family, improve Hp adhesion and promote inflamma-
tion by prompting the transcription of virulence factors and the secretion of inflammatory
cytokines [52].

Certain virulence factors involved in pathogenicity also contribute to adhesion. BabA-
LeB binding has been shown to activate the type-four secretion system (T4SS), a pilus-like
structure that allows for the translocation of effector proteins, such as cytotoxin-associated
gene A (CagA) and vacuolating cytotoxin A (VacA) [54]. CagA binds to epithelial cell
integrin-β1 [59] to anchor Hp and hijack host signaling pathways to disrupt cell motility,
proliferation, and cytoskeletal stability [60]. VacA, on the other hand, binds to a wide range
of receptors, with numerous downstream effects. It primarily functions as a pore-forming
toxin than acutely induces host cell apoptosis but plays a key role in evading the immune
response in chronic infections. It carries out this latter role by impairing autophagy and
forming intracellular vacuoles in the host cell in which H. pylori can survive. It also binds
to the integrin β2 subunit on T cells to inhibit their activation and proliferation and can
induce macrophage apoptosis by inhibiting interferon-β signaling [61]. Together, these
toxins are the major virulence factors expressed by Hp that are key to its pathogenicity.
Whereas VacA is expressed by virtually all Hp cells, CagA is only present in specific strains;
interestingly, CagA positivity is associated with more severe infection and worse clinical
outcomes, including an increased risk of future malignancy [60,62]. Although these are the
two major proteins involved in the pathogenesis of Hp infection, there are myriad others
that similarly aid in adhesion, immune evasion, and provocation of inflammation [60].

4. Clinical Presentation

The presentation of H. pylori infection is highly variable. As many as 90% of individ-
uals carrying the bacteria are asymptomatic [63]. It can present as dyspepsia, defined as
an epigastric discomfort or pain lasting longer than one month that may be associated
with nausea, early satiety, epigastric fullness, and bloating, among other symptoms [64],
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which is often presumed to be functional in etiology [65]. Gastrointestinal clinical symp-
tomatology of Hp infection poorly correlates with severity of gastric mucosal injury upon
endoscopy [19,64]. Hp can therefore go unnoticed and untreated, in which case it progresses
to chronic gastritis [66]. This chronic inflammation of the gastric epithelium can promote
intestinal metaplasia, which predisposes to gastric cancer [64]. Despite being asymptomatic
for years, such patients may present with alarm symptoms of weight loss, iron deficiency
anemia, dysphagia, vomiting, and the presence of an abdominal mass [19,64,65]. Similarly,
MALT lymphomas may develop as a result of gastritis and present with dyspeptic or
non-specific constitutional symptoms [64,67]. Hp can also cause peptic ulcer disease (PUD),
with the risk of complications, such as gastrointestinal bleeding and perforation [64].

Rarely, H. pylori infection may present with extragastrointestinal manifestations, such
as isolated iron deficiency anemia; idiopathic thrombocytopenic purpura; and ocular,
dermatological, and metabolic diseases [65,68].

5. Evaluation and Management:

5.1. Indications for Testing

The American College of Gastroenterology (ACG) recommends testing in the following
cases [65]:

(1) All patients with active PUD;
(2) All patients with a previous history of PUD (unless there is documentation of a

resolved prior Hp infection), low-grade MALT lymphoma, or a history of endoscopic
resection of early gastric cancer;

(3) Patients with uninvestigated dyspepsia under the age of 60;
(4) Patients initiating long-term, non-steroidal, anti-inflammatory drugs;
(5) Patients with unexplained iron deficiency anemia despite appropriate workup; and
(6) Adults with idiopathic thrombocytopenic purpura.

Other expert panels, including the global Taipei consensus [69] (TC) and the Houston
conference [70] (HC), support guidelines similar to those outlined above, with the addition
of a few other indications:

(7) Family members residing in the same household as patients with proven active Hp
infection (HC);

(8) Patients with a family history of PUD or gastric cancer (HC);
(9) First-generation immigrants from high-prevalence areas or high-risk groups (HC); and
(10) Populations with a high incidence of gastric cancer (TC).

In all of the above cases, a “test-and-treat” strategy is recommended to ensure eradica-
tion of the bacteria and reduce the severity of symptoms and the risk for carcinogenesis. A
variety of tests can be used to diagnose infection with H. pylori, and they can be divided
into non-invasive and invasive tests, a summary of which can be found in Table 1.

5.2. Non-Invasive Tests

The most commonly used test to identify H. pylori is the urea breath test (UBT), which
measures the difference in proportion of 13C/14C in exhaled air before and after the patient
swallows radioactively labeled urea. This relies on the previously discussed Hp urease,
which generates radiolabeled 13C carbon dioxide as a result. Patients with active Hp
infection exhale higher quantities of 13C than healthy patients. Typically, four respiratory
samples are collected (two before and two after ingestion of urea), and the labeled carbon
dioxide is detected using mass spectrometry [71]. UBT is an accessible and commonly used
tool to diagnose Hp infection, with a recent meta-analysis showing sensitivity and specificity
of around 95% [72,73]. However, results can be influenced by concurrent medications, so
patients are required to stop antibiotics 30 days prior to the test and proton pump inhibitors
(PPIs) 15 days prior, as they may produce false negatives [71].

Stool antigen testing (SAT) is another low-cost and accurate means of diagnosing Hp
infection that is often preferred by patients and physicians for its simplicity [71]. There are
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two main types of stool tests: enzyme immunoassays (EIAs) and immunochromatography
assays (ICAs). Both tests operate under similar principles. In EIAs, a solution containing
monoclonal or polyclonal antibodies is added to a diluted stool sample and processed,
antigens detected through spectrometry [74]. In immunochromatography, antigen detection
is made possible by a reaction caused by the antigen–antibody complex, producing a visible
color change in the medium [75]. Between these two testing methods, EIA has proven to be
a more effective diagnostic tool, although the accuracy of SATs varies widely depending on
the detection kit used [76,77].

The final non-invasive method for diagnosing H. pylori is serological testing for im-
munoglobulin G (IgG) antibodies against Hp using an enzyme-linked immunosorbent
assay that operates in a similar fashion to SAT. IgG antibodies appear about three weeks
after infection and can remain detectable for several years thereafter. Serological tests have
fallen out of favor for this reason, as they have trouble distinguishing past infections from
recent or active infections and are associated with a risk of false positives [78]. Despite a
high reported specificity and sensitivity for serologic antibody tests ranging from 80 to 95%,
these values vary considerable depending on the testing kit used, with values reported
as low as 55% [72,78]. This is especially true in the case of the newer latex agglutination
immunoassay test. The latex or LZ test is increasingly used due to its low cost and rapid
processing ability [79]. However, it relies on the agglutination of latex-bound antigens,
and interpretation of results is highly subjective, potentially increasing the risk of false
positives [79]. To their credit, serological tests are not affected by recent PPI or antibiotic
use, making them an option for patients who have used either.

5.3. Invasive Tests

Endoscopic assessment is a critical component of invasive testing for H. pylori upon
which all other invasive tests depend [71]. Conventional endoscopy alone is, for the most
part, inadequate in diagnosing Hp infection, and a biopsy with histological assessment
is still mandatory for evaluation [19]. However, advancements in endoscopic technology
have allowed for image-enhanced scoping to improve the accuracy of endoscopic evalua-
tion [19,80]. There is one scoring system currently in use called the Kyoto classification [81]
that is used to evaluate active H. pylori infection and risk of gastric cancer. It consists of
five endoscopic findings (atrophy, intestinal metaplasia, enlarged folds, nodularity, and
diffuse redness), cumulating in a score ranging from 0 to 8. A Kyoto score ≥2 indicates
H. pylori infection, whereas a score ≥4 suggests gastric cancer risk [80]. Whereas a few
studies have supported the accuracy of the Kyoto classification in diagnosing active H.
pylori infection [81,82], endoscopy is rarely the only diagnostic technique used to evaluate
Hp infection. Instead, it is almost always paired with biopsies or alternative tests.

The gold standard for H. pylori diagnosis is histological examination. For this evalua-
tion, at least six biopsies must be taken during biopsy targeting the antrum, large and small
curvatures of the stomach, and the middle of the gastric body, as well as any suspicious
lesions or ulcerations [71]. Hematoxylin–eosin and Giemsa stains are the most inexpen-
sive and commonly used stains, but immunohistochemical staining is the most accurate
(fluorescence in situ hybridization) and is recommended when histochemical methods
fail [83]. The updated Sydney grading system relies on histopathological findings to assess
the severity of chronic gastritis and categorizes the intensity of mononuclear inflammatory
cellular infiltrates, polymorph activity, atrophy, intestinal metaplasia, and Hp density as
mild, moderate, or severe [84]. The sensitivity and specificity of histological methods can
range from 60% to 100% and depend on a variety of factors, including stain used; location,
size, and quality of the sample; and the pathologist’s experience [71].

Alternative testing methods include bacterial culture, molecular testing (polymerase
chain reaction; PCR), and rapid urease test (RUT). Bacterial culture is a highly specific
means of diagnosing H. pylori infection but, as mentioned earlier, can be an arduous
task that requires well-equipped laboratories [71]. Hp is a notoriously difficult micro-
organism to grow and requires incubation for more than a week in selective blood agar (a

57



J. Clin. Med. 2022, 11, 5086

detailed description of culture requirements can be found in the study by Blanchard and
colleagues) [85]. It has the additional benefit of identifying antibiotic resistance, as does
PCR testing, which is becoming increasingly necessary [71]. The RUT, on the other hand,
relies on a pH indicator that changes color in response to the ammonia produced by Hp
urease. Previous studies have shown it to be highly sensitive and specific, at ≥90%, and it
has the added benefit of rapidly producing results (within 5 min with some tests). Given its
ease of use, it is considered the first-line diagnostic method in cases for which endoscopy is
indicated [71].

Table 1. Sensitivities and specificities of various diagnostic modalities.

Test Sensitivity Specificity Cost [86] Advantages [87] Disadvantages [87] Study

UBT 97% 96% Cost-effective

Fast, simple,
non-invasive, good

for detecting
eradication

Potential risk for false
negatives in cases of
bleeding and PPI or
antibiotic use; low

accuracy in atrophic
gastritis and

gastric malignancy

Abd Rahim et al.,
2019 [72]

Zhou et al.,
2017 [88]

Fecal
antigen

test
94% 97% Cost-effective

Fast, simple,
inexpensive, can

potentially be used
to determine

antibiotic
sensitivity

False negatives in cases of
low bacterial load;

accuracy affected by
recent antibiotic, bismuth,

or PPI use; may be
uncomfortable for
patients; difficulty

maintaining sample; and
variable accuracy

depending on commercial
kit used

Gisbert et al.,
2006 [89]

Serology Variable
(76–84%)

Variable
(79–90%) Cost-effective

Cheapest, widely
available, can be
used in patients

with recent PPI or
antibiotic use

Failure to distinguish
between acute and

previous infection; cannot
confirm eradication

Thaker et al.,
2016 [90]

Rapid
Urease

Test

Variable
(80–99%)

Variable
(92–100%) Cost-effective Fast,

inexpensive, simple

Accuracy impaired by
gastric ulcer bleeding

or intestinal
metaplasia; invasive

Roy et al.,
2016 [91]

Bacterial
Culture

Variable
(70–80%) 100% Expensive

Determination of
antibiotic resistance

and sensitivity

Expensive,
time-consuming, requires

a well-equipped lab

Thaker et al.,
2016 [90]

PCR 96% 98% Expensive

High sensitivity
and specificity;

effective, even at
low bacterial loads

Expensive, requires a
well-equipped lab,

false-positive risk due to
detection of DNA from

dead bacteria

Pichon et al.,
2020 [92]

5.4. Management

Most societies endorse the non-invasive “test-and-treat” method [93–95], and initial
endoscopy is recommended for older patients and those who present with alarm symptoms
(first-degree relative with upper GI malignancy, weight loss, GI bleeding, dysphagia,
odynophagia, persistent vomiting, and abnormal imaging) [94,95].

The first-line management of confirmed H. pylori infections utilizes a PPI, alongside
2–3 antibiotics for periods ranging from 3 to 14 days [64]. A full breakdown of the available
first- and second-line treatment modalities can be found in Table 2.
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Local antibiotic resistance rates are a key factor in determining the most appropriate
first-line of management, as reflected by several major guidelines [20,64,65,96,97]. Fur-
thermore, reuse of antibiotics from first-line treatments in subsequent therapy can lead to
secondary antibiotic resistance and should be avoided [98]. Resistance to nitroimidazole
antibiotics, such as metronidazole, are interesting in that whereas resistance rates can be
high, this resistance can be overcome with dose adjustments and the addition of bismuth,
allowing for its reuse in new regimens after an initial failure [98]. Whereas guidelines are
not clear on sensitivity testing for first-line management of Hp, susceptibility testing is
recommended in refractory cases [98].

An important consideration in initial management of infection is that the most commonly
used acid suppressants, PPIs, are metabolized by hepatic cytochrome P450 (CYP2C19) [99]. Ge-
netic polymorphisms may limit the efficacy of treatment regimens with particular PPIs [100].
It may be advisable to rely on PPIs less affected by CYP metabolism, such as esomepra-
zole and rabeprazole, especially in non-Asian regions, where extensive metabolizers are
common [66,98].

Table 2. Treatment options for Hp.

First-Line Treatments

Regimen
Dosing
Frequency

Duration Indications Notes Study

Triple
PPI (variable dose) a

CA (500 mg)
AM b (1 g) OR MZ (500 mg)

BID
BID
BID

14 days

First-line treatment in
regions where CA
resistance is low (<15%) or
with high proven local
eradication rates (>85%)
and in patients with no
previous
macrolide exposure.

A few studies are listed to
summarize global
resistance rates [14,101].
Eradication rates of up to
92.6% have been reported
with triple therapy when
potent and long-lasting
gastric acid inhibitors, such
as K+-competetive blocker
vonoprazan, are used [102].

Maastricht
ACG
Toronto

Concomitant
PPI (variable dose) a

CA (500 mg)
AM (1 g)
MZ (500 mg)

BID
BID
BID
BID

10–14 days

First-line treatment,
especially in regions where
CA resistance is high
(>15%) and metronidazole
resistance is low.

Maastricht
ACG
Toronto

Quadruple Bismuth
PPI (variable dose) a

Bismuth (variable dose and
preparation) c

AM
MZ

QID
BID
TID or QID

10–14 days

First-line treatment,
especially in regions where
CA and MZ resistances
are high.

Maastricht
ACG
Toronto
Chinese
Spanish

Second-line treatments

Quadruple Bismuth
PPI (high dose) a

Bismuth (variable dose and
preparation) c

TZ (500 mg)
MZ (500 mg)

BID
QID
QID
TID to QID

10–14 days

Can be used as a first-line
treatment. Used as a
second-line treatment if:

1. Triple or concomitant
treatment failed; or

2. Earlier bismuth
quadruple treatment
failed (two different
antibiotics need to
be used).

The list of antibiotics that
can be used alongside
bismuth includes [103]:
Clarithromycin;
Amoxicillin;
Doxycycline;
Nitroimidazole;
Furazolidone; and
Levofloxacin.

Maastricht
ACG
Toronto
Chinese
Spanish
AGA
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Table 2. Cont.

First-Line Treatments

Regimen
Dosing
Frequency

Duration Indications Notes Study

Levofloxacin Regimens
Levofloxacin (500 mg)
Amoxicillin (1 g)
PPI (high dose) a

QD
BID
BID

10–14 days

Potential first-line
treatment in areas with
low fluroquinolone
resistance (reference
to ACG).
Second-line treatment
after failure of a
bismuth regimen.

Only ACG suggests this as
a first-line treatment in
regions where levofloxacin
resistance is low.
Levofloxacin can be
replaced by sitofloxacin.

Maastricht
ACG
Toronto
Chinese
Spanish
AGA

Rescue treatments d

High-dose dual
PPI (high dose) a

AM (750 mg or 1 g)

BID
QID or TID
respectively

14 days Salvage therapy after two
eradication failures.

Amoxicillin resistance rates
are still low globally.

ACG
Toronto
AGA

Rifabutin-based triple
Rifabutin
Amoxicillin
PPI (high dose) a

QD
TID
BID

14 days

Salvage therapy after two
(Malfertheimer) or three
(fallone) eradication
failures. AGA guidelines
suggest use as a
second-line treatment after
failed Bismuth therapy.

There is some concern
about increasing M.
tuberculosis resistance as a
result of this treatment.

Maastricht
Toronto
AGA
Spanish

Alternative or adjunctive treatments

Statins
Atorvastatin (40 mg)
Simvastatin (20 mg)

QD
BID 14 days Experimental use

Statins have been shown to
have antibacterial and
anti-inflammatory effects
[104,105]. One study found
that statins reduced Hp
burden in macrophages
and increased Hp-infected
macrophage
autophagy [106].

AGA

Probiotics e 14 days Experimental use

Probiotic strains have been
shown to have a beneficial
effect on eradication and to
reduce treatment adverse
effects, including:
Lactobacillus;
Bifidobacterium;
Lactiplantibacillus; and
Saccharomyces

AGA
Kyoto
Viazis
et al.,
2022 [107]

Notes: Abbreviations: PPI—proton pump inhibitor; CA—clarithromycin; AM—amoxicillin; MZ—metronidazole;
BID—bidaily; QID—quad daily; TID—tridaily; TZ—tetracycline; QD—once daily; a dose varies depending on
PPI used. Standard doses include esomeprazole 20 mg, lansoprazole 30 mg, omeprazole 20 mg, pantoprazole
40 mg, and rabeprazole 20 mg. High dose implies double the standard dose. b In patients with a penicillin allergy,
amoxicillin should be substituted for metronidazole. c Bismuth can come in multiple preparations; the most
common preparations are: Bismuth subsalicylate (262 mg), two tablets QID; colloidal bismuth subcitrate (120 mg),
one tablet QID; bismuth biskalcitrate (140 mg), three tablets QID; bismuth subcitrate potassium (140 mg), three
tablets QID. d Alternative antibiotics that can be used in rescue treatments include sitafloxacin, tinidazole, and
furazolidone. e Lactobacillus and Bifidobacterium are supported by a growing body of evidence, whereas the
benefits of Lactiplantibacillus and Saccharomyces are supported by a limited number of studies.

The exact recommendation for treatment duration differs depending on the guidelines
and treatment line (Table 2). However, there is a trend toward standardization of all
treatment lines to 14 days [108].
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Table 2 highlights various treatment strategies: sequential, hybrid, concomitant, and
reverse hybrid. Sequential therapy involves initial dual treatment with a PPI and amoxicillin
for 5–7 days, followed by standard triple therapy for the same amount of time [108].
Concomitant therapy is a non-bismuth quadruple therapy and involves the concurrent
administration of four medications [109]. Hybrid therapy combines the two, initiating
patients on dual therapy (PPI + amoxicillin) for 7 days, then adding two more antibiotics
for the next 7 days. Reverse hybrid therapy follows the opposite order: three antibiotics
and a PPI for 7 days, followed by only a PPI + amoxicillin [110]. Sequential therapy has
fallen out of favor due to worse eradication rates [20,64,66,95,96,108,109]. Hybrid and
reverse-hybrid treatment strategies have proven to be equivalent to concomitant across
various studies but are of limited efficacy in areas of high dual resistance to clarithromycin
and metronidazole [111,112]. Concomitant therapy is currently the most widely used
treatment strategy.

5.5. Treatment Outcomes

The ultimate goal of treatment is documented eradication of the bacteria [20,65,96,97].
There is evidence for endoscopic and histologic remission of gastritis features, including in-
testinal metaplasia and reduction in recurrence following eradication therapy [69,113–120],
as well as prevention of gastric adenocarcinoma and regression of gastric MALT lym-
phoma [121–127]. Treatment also resolves H. pylori-associated iron deficiency anemia [128]
and ITP [129].

6. Long-Term Surveillance and Complications

6.1. Surveillance

It is currently recommended to retest at least 4 weeks after completion of the initial
treatment regimen, with the patient stopping PPIs as many as 2 weeks prior [64]. All
aforementioned diagnostic tests are suitable for confirmation of eradication.

Despite the lack of established evidence-based guidelines, a growing body of liter-
ature supports endoscopic surveillance following eradication, particularly in high-risk
patients [130–133]. The “ABC method” relies on an investigation of anti-H. pylori antibodies
and serum pepsinogen (PG), whereby patients are divided into four groups depending
on the presence of either (group A, negative for both; group B, anti-Hp-positive and PG-
negative; group C, positive for both; group D, anti-Hp-negative and PG-positive). Groups
B, C, and D were found to be increasingly more likely to develop gastric cancer than
group A and were therefore recommended triennial, biennial, and annual endoscopic
follow-up based on the increased risk [134]. Nonetheless, regular endoscopy is invasive,
costly, and impractical in certain settings. A recent study identified several biomarkers that
could potentially be used in lieu of endoscopy for screening, detection, and monitoring
of individuals at risk of gastric cancer (GC), namely virulence markers, genomic markers,
transcriptomic markers, and inflammatory markers [135]. cagA and VacA-toxin expression;
pepsinogen levels (PG1 and PG2); bacterial lipopolysaccharides; connexin expression; spe-
cific microRNA fragments; and cytokines, such as IL-1β, IL-6, IFN-γ, and IL-10, have been
found to be significantly upregulated in cases of GC [136–139].

6.2. Complications

Treatment of H. pylori does not guarantee permanent eradication. One prospective
study of 1050 patients estimated recurrence rates at one and three years to be 1.75% and
4.61%, respectively [140]. Recurrent infection necessitates alternative antibiotic treatment
regimens to those used previously and may contribute to increased antibiotic resistance
globally. Oral colonization of H. pylori is a potential source of reinfection that can often
go undiagnosed by standard diagnostic methods for Hp and is unaffected by traditional
treatment methods, requiring specific treatment strategies [141,142]. The existence of a
secondary H. pylori colonization site is still highly controversial but may be a consider-
ation in complex cases with frequent recurrences [141,142]. The main complications of
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untreated H. pylori infection were outlined above but include gastric ulceration; perfo-
ration; progression to gastric malignancy (adenocarcinoma or MALT lymphoma); and
extragastrointestinal manifestations, such as ITP and iron deficiency anemia [65]. Other
complications take the form of side effects to treatment and are listed in Table 3.

Table 3. Medication adverse events resulting from H. pylori treatment.

Adverse Effect Reported Frequency * Associated Treatment Group †

Taste disturbance/oral mucositis
[143–145] 17–44% Triple therapy

Nausea [143,144] 7–31% Bismuth

Diarrhea [143–145] 7–33% Triple

Dyspepsia [143,145] 3–11%

Reduced appetite [143,144] 4–12%

Vomiting [144,145] 3–6%

Abdominal pain [144,145] 8–20%

Headache [144,145] 7–31% Bismuth

Rash [144] 3–7% Bismuth

Discoloration of feces [144,145] 4–16% Bismuth

Oral/vaginal candidiasis [143,145] 1–4%
Notes: * frequencies represent a range report in the selected studies comparing different treatment modalities;
† not based on statistical comparison between different treatments, rather an observed difference in frequency
between different treatment modalities. However, Calvet et al. [143] showed that triple therapy was significantly
associated with more frequent taste disturbance.

7. Treatment Challenges

H. pylori eradication rates may not be optimally attributed primarily to antibiotic resis-
tance and patient noncompliance/adherence due to side effects and provider prescriptive
error [146–148]. These data highlight the importance of improved awareness and strict
adherence to existing guidelines.

8. Recent Advances

In the decades since its discovery, considerable progress has been made with regards to
diagnostic and therapeutic modalities in the management of Hp infection. Nanotechnology
is an exciting innovation in the realm of diagnosis and treatment that could eventually
represent cost-efficient and less invasive alternative to current endoscopic measures. Biosen-
sors are one such tool that can translate unique biological elements attached to a transducer
surface into detectable signals [149]. This is accomplished without additional reagents,
reactions, or sample pretreatment, contrary to other modalities, such as PCR or ELISA,
while providing accurate and real-time monitoring of disease [149–151]. Whereas the
process itself is complex, it relies on detecting bacterial antigens or patient Hp antibodies.
Electrochemical sensors rely on a change in electric potential or conductance of a transduc-
ing surface upon element attachment, optical sensors rely on a change in fluorescence or
color absorbance, piezoelectric sensors rely on a change in acoustics, and thermal sensors
rely on a change in temperature to detect disease [151]. Yadav et al. (2022) mentioned the
novel use of aptamers, single stranded nucleic acid sequences that are highly specific to
target antigens, proteins, or antibodies, to diagnose disease and have high hopes for their
clinical utility [152].

Recent advances in therapy make potential use of nanotechnology as auxiliary treat-
ment, improving drug delivery, with a direct antibacterial effect [153]. The development
of novel drugs can also improve treatment of Hp. A potassium-competitive acid blocker,
vonoprazan (VPZ) has advantages over traditional acid suppression with PPIs, in that
it does not require activation by gastric acid and has a longer half-life than PPIs [154].
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It is also unaffected by genetic polymorphisms in CYP450 [99]. Genetic polymorphisms
are receiving increasing attention for their potential role in treatment outcomes. A few
studies to date have shown that eradication rates may be higher in slower CYP metabo-
lizers [99,155,156], although this association has not always been statistically significant.
Polymorphisms in immune response genes can similarly impact disease severity and predis-
pose to complications [157–159]. VPZ was only recently introduced in east Asia, and several
meta-analyses show the superior efficacy of VPZ relative to standard PPI-containing triple
therapy [154,160–162]. A more recent meta-analysis of RCTs found that VPZ demonstrated
comparable and even superior eradication rates relative to PPI across different treatment
regimens and in both low- and high-clarithromycin-resistance areas [162]. A lower rate of
adverse events was also reported among VPZ users [162].

Antimicrobial peptides are short, positively-charged peptide chains that disrupt the
integrity of the negatively charged bacterial cell membrane, leading to cell lysis and disrup-
tion of intracellular processes [163]. Photodynamic therapy relies on microbial production
of photosensitive molecules that use light to produce cytotoxic reactive oxygen species,
leading to bacterial cell death [164]. Phage therapy uses bacteriophages specific to H. pylori
to induce bacterial cell lysis, eliminating the pathogen [165]. Finally, vaccination is an
attractive strategy for combatting Hp infection globally. Various attempts have been made
to develop an Hp vaccine over the years, but the results have been disappointing [166].
Whereas some vaccine candidates have shown potential as an option for prophylaxis, none
have yet shown a therapeutic effect [166,167].

9. Conclusions

H. pylori is a ubiquitous and complex organism that has rightfully received tremendous
interest over the years. It can manifest in a variety of ways and increases the risk of
severe complications, such as peptic ulceration and malignancy. Therefore, treatment
with adequate follow-up is imperative. In the current era of antibiotic stewardship, it
is important to be mindful of antibiotic resistance and susceptibility when selecting a
treatment regimen. Extensive research has been conducted on the pathogenesis of Hp
infection, which has aided in identifying diagnostic and therapeutic targets. However,
there is still room to improve our knowledge. In particular, there is more to be gleaned
regarding bacterial transmission, reinfection, and optimized surveillance. Finally, there
have been numerous recent technological advances that hold promise for streamlining the
management of this pathogen in the future.
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Abstract: The incidence of gastric cancer in Okinawa Prefecture is the lowest in Japan, which
is attributed to differences in strains of Helicobacter pylori in Okinawa and other prefectures in
Japan. Our aim was to compare the endoscopic findings of H. pylori-infected gastric mucosa in
Okinawa and Tokyo. Patients who underwent upper gastrointestinal endoscopy (UGI) at Northern
Okinawa Medical Center (Okinawa group) and Juntendo University Hospital (Tokyo group) from
April 2019 to March 2020 were included. Patients diagnosed with H. pylori-infected gastric mucosa
were retrospectively compared between the Okinawa and Tokyo groups according to the Kyoto
Classification of Gastritis. The numbers of subjects (Okinawa/Tokyo) were 435/352, male/female
ratio was 247:188/181:171, and age was 53.3 ± 14.7/64.6 ± 14.3 (mean ± standard deviation) years.
Regarding the Kyoto Classification of Gastritis, the prevalence (Okinawa/Tokyo) of the closed type
of atrophic gastritis was 73%/37% (p < 0.001), diffuse redness 80%/84% (p = 0.145), mucosal swelling
46%/46% (p = 0.991), enlarged fold 26%/32% (p = 0.048), spotty redness 77%/68% (p = 0.002), sticky
mucus 17%/36% (p < 0.001), and intestinal metaplasia 32%/42% (p < 0.001). Age analysis also
revealed that closed-type atrophy and spotty redness were more frequent in the Okinawa group than
in the Tokyo group. There may be regional differences in endoscopic findings of H. pylori-infected
gastric mucosa between Okinawa and Tokyo.

Keywords: Helicobacter pylori; Kyoto Classification of Gastritis; cagA; Okinawa; endoscopic findings

1. Introduction

Helicobacter pylori (H. pylori) infection is known to be an important pathogenic factor
for gastric cancer [1–4]. The incidence of gastric cancer is generally higher in East Asia,
while it is lower in North America, Northern Europe, and Africa, suggesting regional
differences throughout the world [5]. The prevalence of H. pylori in Okinawa is not signifi-
cantly different from that in other regions of Japan [1,6,7]. However, the age-standardized
incidence rate of gastric cancer in Japan is 43.1%, while the rate in Okinawa is 20.4%, the
lowest age-standardized incidence rate among prefectures in Japan [8]. Even within Japan,
regional differences are recognized. This may be due to differences in the cagA gene of
H. pylori [9–12]. Regional differences and polymorphisms in H. pylori genotypes also differ
in their influence as virulence factors, which has been studied in recent years as one of the
factors contributing to regional differences in gastric cancer incidence.
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In addition, in routine endoscopic practice, the risk of gastric cancer is approximately
20 times higher in H. pylori-infected patients than in H. pylori-uninfected patients [13], and
it is important to determine the H. pylori infection status from the background mucosa.
Therefore, in 2014, the Kyoto Classification of Gastritis was published to systematically
summarize the findings of H. pylori-associated gastritis for the first time [14]. The English
version was published in 2017, and the second edition with new findings was published in
2018 [15,16]. Many Japanese studies have evaluated the Kyoto Classification of Gastritis,
but recently some reports have confirmed its usefulness in European countries [17]. The
Kyoto Classification of Gastritis allows efficient evaluation of gastric cancer risk based on
the state of the background mucosa with 19 endoscopic findings. In particular, diffuse
redness, mucosal swelling, enlarged fold, sticky mucus, and spotty redness are considered
findings suggestive of H. pylori infection [14–16,18–22].

Although differences in gastric cancer incidence rates and strains of H. pylori are ob-
served between Okinawa and other regions of Japan, there have been no reports comparing
gastritis findings in Okinawa with those in other regions of Japan. The purpose of this study
was to clarify the differences and characteristics of endoscopic findings of H. pylori-infected
gastric mucosa between Okinawa and Tokyo on the mainland of Japan.

2. Materials and Methods

2.1. Patients

Patients who underwent upper gastrointestinal endoscopy (UGI) at Northern Okinawa
Medical Center (Okinawa Group) and Juntendo University Hospital (Tokyo Group) from
April 2019 to March 2020 were included in this retrospective study. Inclusion criteria were
patients who were 18 years old or older, and who were infected with H. pylori at the time of
UGI. Patients were considered to be infected with H. pylori when at least one of the urea
breath tests with cutoff value of 2.5 per 1000, serum H. pylori antibody test with cutoff value
of 10 U/mL (E-plate; Eiken Chemical, Tokyo, Japan), and stool H. pylori antigen test was
positive from April 2017 to March 2020.

Exclusion criteria were patients who had undergone gastrectomy, those whose mucosa
was poorly observed due to food residues, those who did not have pure H. pylori-infected
gastric mucosa due to coexistence of liver cirrhosis and/or autoimmune gastritis, and
those who had undergone H. pylori eradication. This retrospective study was conducted
according to the guidelines of the Helsinki Declaration and was approved by the Ethics
Committee of Northern Okinawa Medical Center (2019-5) and the Ethics Committee of
Juntendo University Hospital (E21-0335-H01). Patient consent was waived because the
design of this study was a retrospective clinical documentation study.

2.2. Methods

This retrospective cross-sectional study investigated the endoscopic findings of pa-
tients with H. pylori-infected gastric mucosa according to the Kyoto Classification of Gastri-
tis in Okinawa and Tokyo. Six expert endoscopists in Tokyo and two expert endoscopists
in Okinawa who each have performed more than 1500 UGIs, independently and retrospec-
tively reviewed all photographs of endoscopic examinations performed at the Okinawa
and Tokyo hospitals during the study period, and evaluated the endoscopic findings in the
photographs according to the Kyoto Classification of Gastritis [14–16]. Regarding atrophy,
the Kimura-Takemoto classification [23] was used to evaluate the degree of spread of gastric
mucosal atrophy. C-1, C-2, and C-3 were classified as the closed type of atrophy, and O-1,
O-2, and O-3 as the open type.

2.3. Statistical Analysis

All data on patients’ background characteristics and endoscopic findings according to
the Kyoto Classification of Gastritis in each group were expressed as mean and standard
deviation (SD) for continuous variables and as the number (percentage) for categorical
variables. The prevalence of each characteristic was examined using the t-test, chi-square
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test or Fisher’s exact test, with p < 0.05 being considered statistically significant. In addition,
the number of gastric cancer cases in patients over 65 years of age has been increasing in
Japan [8]. Therefore, in order to analyze the risk of gastric cancer and age changes, we
conducted subgroup analyses in patients under 65 years of age and in patients 65 years
of age or older. We compared the distribution of endoscopic features in the Kyoto Clas-
sification of Gastritis between the patients in Tokyo and patients in Okinawa using the
logistic regression model adjusting for age and sex. All analyses were conducted using SAS
software (SAS Institute, Cary, NC, USA). Odds ratio (OR) value was presented with the
95% confidence interval (CI). All tests were two-sided and statistical significance was set at
p < 0.05.

3. Results

3.1. Patients Studied

Patient flow is shown in Figure 1. During the study period, 7261 patients at the hospital
in Tokyo and 3159 patients at the hospital in Okinawa underwent UGI and had been tested
for H. pylori. Of these, 390 patients were 18 years of age or older and infected with H. pylori
at the hospital in Tokyo, and 437 patients were 18 years of age or older and infected with
H. pylori at the hospital in Okinawa. Based on the exclusion criteria, 38 cases at the hospital
in Tokyo (6 patients after gastrectomy, 8 patients with liver cirrhosis, 11 foreigners, 1 patient
with autoimmune gastritis, 3 patients with insufficient observation of the gastric mucosa,
and 9 patients after H. pylori eradication) and 2 cases at the hospital in Okinawa (2 patients
with liver cirrhosis) were excluded. Therefore, the Tokyo group included 352 cases and
the Okinawa group included 435 cases. The mean (± standard deviation) age of the
352 patients in the Tokyo group and the 435 patients in the Okinawa group was 64.6 ± 14.3
and 53.3 ± 14.7, respectively (p < 0.001). There was no difference in sex distribution
(male/female) between the Tokyo group (181/171) and the Okinawa group (247/188)
(p = 0.133) (Table 1). The numbers of patients under 65 years old (Tokyo/Okinawa group)
were 156/327 patients and the numbers of patients 65 years old or older (Tokyo/Okinawa
group) were 196/108 patients (Table 2).

Figure 1. Flow diagram of the patients.

Table 1. Baseline characteristics.

Tokyo Group Okinawa Group p-Value

Number of patients 352 435

Age (yr; mean ± SD) 64.6 ± 14.3 53.3 ± 14.7 <0.001

Sex
male 181 247

0.133
female 171 188

SD, standard deviation.
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Table 2. Baseline characteristics of the patients under 65 years old and patients 65 years old or older.

Tokyo Group Okinawa Group p-Value

Group of patients
under 65 years old

Number of patients 156 327

Age (yr; mean ± SD) 52.0 ± 11.3 46.9 ± 10.5 <0.001

Male/female 72/84 181/146 0.058

Group of patients
65 years old or older

Number of patients 196 108

Age (yr; mean ± SD) 74.6 ± 6.1 72.7 ± 5.6 0.006

Male/female 109/87 66/42 0.353

3.2. Endoscopic Findings of H. pylori Gastritis Based on the Kyoto Classification of Gastritis

Typical endoscopic findings in the Tokyo and Okinawa groups are shown in Figures 2–4.

Figure 2. Typical endoscopic images of H. pylori-infected gastric mucosa in the Tokyo group. The
patient is a 75-year-old woman. O-1 atrophy is observed, with diffuse redness, spotty redness, and
mucosal swelling. Overall, it has a reddish tint.

Figure 3. Typical endoscopic images of H. pylori-infected gastric mucosa in the Okinawa group. This
patient is an 83-year-old woman. O-2 atrophy is observed, and there are only a few findings of
H. pylori infection. Mild spotty redness on the posterior wall of the gastric body is observed.
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Figure 4. Typical endoscopic images of H. pylori-infected gastric mucosa in the Okinawa group. This
patient is a 46-year-old woman. C-1 atrophy is observed, and there are few findings of H. pylori infection.

Closed-type atrophy was more common in the Okinawa group than in the Tokyo
group [318/435 (73.1%) vs. 131/352 (37.2%)] (p < 0.001). Diffuse redness, mucosal swelling,
enlarged fold, spotty redness, and sticky mucus are the findings of H. pylori-infected gastric
mucosa. The following characteristics were significantly more common in the Tokyo group
than in the Okinawa group: enlarged fold [114/352 (32.4%) vs. 113/435 (26.0%), p = 0.048],
sticky mucus [125/352 (35.5%) vs. 73/435 (16.8%), p < 0.001], foveolar-hyperplastic polyp
[50/352 (14.2%) vs. 39/435 (8.97%), p = 0.021], intestinal metaplasia [147/352 (41.8%) vs.
142/435 (32.6%), p = 0.007], and xanthoma [33/352 (9.38%) vs. 20/435 (4.60%), p < 0.001].
The following characteristics were significantly less common in the Tokyo group than in
the Okinawa group: spotty redness [239/352 (67.9%) vs. 338/435 (77.7%), p = 0.002], patchy
redness [29/352 (8.24%) vs. 59/435 (13.6%), p = 0.018], and hematin [6/352 (1.70%) vs.
28/435 (6.44%), p = 0.001] (Table 3).

Table 3. Comparison of endoscopic findings according to the Kyoto Classification of Gastritis between
the Tokyo and Okinawa groups.

Kyoto Classification of Gastritis
Tokyo Group (%) Okinawa Group (%)

p-Value
n = 352 n = 435

Atrophy 1
closed 131 (37.2) 2 318 (73.1)

<0.001
open 221 (62.8) 117 (26.9)

diffuse redness 298 (84.7) 351 (80.7) 0.145

mucous swelling 165 (46.9) 212 (48.7) 0.696

enlarged fold 114 (32.4) 113 (26.0) 0.048

spotty redness 239 (67.9) 338 (77.7) 0.002

sticky mucus 125 (35.5) 73 (16.8) <0.001

foveolar-hyperplastic polyp 50 (14.2) 39 (8.97) 0.021

patchy redness 29 (8.24) 59 (13.6) 0.018

intestinal metaplasia 147 (41.8) 142 (32.6) 0.007

nodularity 23 (6.53) 37 (8.51) 0.300

xanthoma 33 (9.38) 20 (4.60) 0.007

hematin 6 (1.70) 28 (6.44) 0.001
1 Kimura-Takemoto classification. 2 Data are expressed as the number of patients (%).
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3.3. Age Analysis

Among patients with H. pylori-infected gastric mucosa under 65 years of age, closed-
type atrophy was more common in the Okinawa group than in the Tokyo group [270/327
(82.6%) vs. 82/156 (52.6%), p < 0.001]. Similar to the results of the main analysis, enlarged
fold [51/156 (32.7%) vs. 76/327(23.2%), Tokyo group vs. Okinawa group, p = 0.027], sticky
mucus [58/156 (37.2%) vs. 45/327 (13.7%), p < 0.001], foveolar-hyperplastic polyp [21/156
(13.5%) vs. 23/327 (7.03%), p = 0.021], and xanthoma [9/156 (5.77%) vs. 7/327 (2.14%),
p = 0.037] were more common in the Tokyo group. Spotty redness [100/156 (64.1%) vs.
248/327 (75.8%), Tokyo group vs. Okinawa group, p = 0.007], patchy redness [7/156 (4.48%)
vs. 39/327 (11.9%), p = 0.009], and hematin [2/156 (1.28%) vs. 23/327 (7.03%), p = 0.008]
were less common in the Tokyo group than in the Okinawa group (Table 4).

Table 4. Subgroup analyses in each age group below and above 65 years of age between the Tokyo
and Okinawa patients. (a) The under-65-years age group; (b) the 65-years-and-older age group.

(a) The under-65-years age group

Kyoto Classification of Gastritis
Tokyo Group (%) Okinawa Group (%)

p-Value
n = 156 n = 327

Atrophy
closed 82 (52.6) 270 (82.6)

<0.001
open 74 (47.4) 57 (17.4)

diffuse redness 132 (84.6) 260 (79.6) 0.180

mucosal swelling 71 (45.5) 149 (45.6) 0.991

enlarged fold 51 (32.7) 76 (23.2) 0.027

spotty redness 100 (64.1) 248 (75.8) 0.007

sticky mucus 58 (37.2) 45 (13.7) <0.001

foveolar-hyperplastic polyp 21 (13.5) 23 (7.03) 0.021

patchy redness 7 (4.48) 39 (11.9) 0.009

intestinal metaplasia 48 (30.8) 89 (27.2) 0.340

nodularity 19 (12.2) 36 (11.0) 0.705

xanthoma 9 (5.77) 7 (2.14) 0.037

hematin 2 (1.28) 23 (7.03) 0.008

(b) The 65-years-and-older age group

Kyoto Classification of Gastritis
Tokyo Group (%) Okinawa Group (%)

p-Value
n = 196 n = 108

Atrophy
closed 49 (25.0) 48 (44.4)

<0.001
open 147 (75.0) 60 (55.6)

diffuse redness 166 (84.7) 91 (84.3) 0.920

mucosal swelling 94 (48.0) 63 (58.3) 0.083

enlarged fold 63 (32.1) 37 (34.3) 0.707

spotty redness 139 (70.9) 90 (83.3) 0.016

sticky mucus 67 (34.2) 28 (26.0) 0.137

foveolar-hyperplastic polyp 29 (14.8) 16 (14.8) 0.966

patchy redness 22 (11.2) 20 (18.5) 0.078

intestinal metaplasia 99 (50.5) 53 (49.1) 0.811

nodularity 4 (2.04) 1 (0.93) 0.659

xanthoma 24 (12.2) 13 (12.0) 0.958

hematin 4 (2.04) 5 (4.63) 0.288
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Even among patients aged 65 years or older, closed-type atrophy was more frequent in
the Okinawa group than in the Tokyo group [48/108 (44.4%) vs. 49/196 (25.0%), p < 0.001].
In terms of H. pylori-infected gastric mucosa findings, spotty redness was less common in
the Tokyo group than in the Okinawa group [139/196 (70.9%) vs. 90/108 (83.3%), p = 0.016].
The frequencies of other findings of H. pylori-infected gastric mucosa were not significantly
different between the Tokyo and Okinawa groups (Table 4).

3.4. Age-Adjusted Analysis

The data were age-adjusted as the Okinawa group was significantly younger than
the Tokyo group. In the Okinawa group, closed-type atrophy (closed:1, open:0)
(OR [95%Cl] = 2.843 [2.032–3.985], p < 0.001), spotty redness (OR [95%Cl] = 1.947
[1.379–2.761], p < 0.001), patchy redness (OR [95%Cl] = 2.336 [1.421–3.917], p = 0.001),
and hematin (OR [95%Cl] = 3.526 [1.471–9.849], p = 0.008) were more common and sticky
mucus was less common (OR [95%Cl] = 0.439 [0.306–0.626], p < 0.001) (Table 5).

Table 5. Odds ratios of each endoscopic feature in the Kyoto Classification of Gastritis between the
Tokyo and Okinawa groups in logistic regression analysis.

Kyoto Classification of Gastritis OR * 95%CI p-Value

atrophy (closed 1; open 0) 2.843 2.032–3.985 <0.001
diffuse redness 0.787 0.524–1.174 0.244
mucosal swelling 1.221 0.900–1.658 0.200
enlarged fold 0.816 0.583–1.141 0.234
spotty redness 1.947 1.379–2.761 <0.001
sticky mucus 0.439 0.306–0.626 <0.001
foveolar hyperplastic polyp 0.816 0.504–1.317 0.406
patchy redness 2.336 1.421–3.917 0.001
intestinal metaplasia 0.975 0.708–1.346 0.876
nodularity 0.601 0.318–1.142 0.117
xanthoma 0.731 0.390–1.344 0.319
hematin 3.526 1.471–9.849 0.008

* OR: Odds Ratio (reference: Tokyo prefecture) adjusting for age and sex.

4. Discussion

Comparison of the endoscopic findings of the gastric mucosa of H. pylori-infected
patients according to the Kyoto Classification of Gastritis suggested that there may be
regional differences in endoscopic findings of H. pylori-infected mucosa between the Oki-
nawa and Tokyo groups. In addition, spotty redness in the Kyoto Classification of Gastritis
was useful for the endoscopic diagnosis of H. pylori infection in the Okinawa group. To our
knowledge, this is the first study to compare regional differences in endoscopic findings of
H. pylori-infected gastric mucosa according to the Kyoto Classification of Gastritis.

In the Kyoto Classification of Gastritis, atrophy, intestinal metaplasia, diffuse redness,
and nodularity are risk factors for gastric cancer [22,24–28]. Enlarged fold has also been
weakly associated with undifferentiated gastric carcinoma [26]. Regarding the inhibitory
effect of H. pylori eradication on gastric carcinogenesis, the greater the extent of mucosal
atrophy, the lower the inhibitory effect of eradication on carcinogenesis [29]. In the present
study, the Okinawa group had a higher frequency of closed-type atrophy than the Tokyo
group, and lower frequencies of enlarged fold and intestinal metaplasia, suggesting that the
risk of gastric cancer according to the Kyoto Classification of Gastritis was low in Okinawa.

The prevalence of diffuse redness was not significantly different between the two
groups, but was less common in the Okinawa group. In addition, the degree of atrophy
was weaker in the Okinawa group, and the presence of H. pylori infection findings such as
enlarged fold and sticky mucus was less conspicuous, making the endoscopic diagnosis
of H. pylori-infected gastric mucosa more difficult than in the Tokyo group. The Okinawa
group showed predominantly more spotty redness as a finding of H. pylori-infected gastric
mucosa. It is considered that diffuse redness was less noticeable in the Okinawa group than
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in the Tokyo group, and therefore, it was inferred that the spotty redness was relatively
easy to see endoscopically in the Okinawa group. Spotty redness was considered to be
helpful in the diagnosis of H. pylori-infected gastric mucosa among the endoscopic findings
in Okinawa.

Diffuse redness is a basic finding of H. pylori infection as well as mucosal swelling, and
correlates predominantly with the degree of neutrophilic and mononuclear cell infiltration
caused by H. pylori infection [19]. The diffuse redness in the Okinawa group was weak
and difficult to diagnose endoscopically, which means that the H. pylori strains in Okinawa
are less inflammatory. In addition, more hematin adherence was observed in the Okinawa
group than in the Tokyo group. Hematin is considered to appear when the intragastric
pH is highly acidic [30], and it has been reported that H. pylori-uninfected individuals
have a higher acid secretory capacity than H. pylori-infected individuals [31–33]. In the
age-adjusted analysis, the Okinawa group had significantly fewer cases of sticky mucus,
foveolar hyperplastic polyp, and enlarged fold in those under 65 years of age, but in
those 65 years of age and older, these frequencies increased to the same levels as those
in the Tokyo group, and the differences were no longer significant. This suggests that
the inflammation caused by H. pylori was stronger in the Tokyo group and weaker in the
Okinawa group, and that the mucosal findings were therefore less noticeable in the younger
age group in Okinawa. On the other hand, the elderly group showed changes due to long-
term inflammation, and the difference in mucosal findings between the Tokyo group and
the Okinawa group became smaller, although not regarding the extent of atrophy.

Okinawa is an island far from the mainland of Japan, and one of the reasons for the low
incidence of gastric cancer in Okinawa is thought to be the different environmental factors
and dietary habits compared to those in the rest of Japan [34]. Furthermore, genetic analysis
of H. pylori has pointed to differences in H. pylori strains in Okinawa compared to those in
other regions of Japan as a cause for the different incidence of gastric cancer [9–12]. The
cagA gene is known to be a representative pathogenic factor for gastric cancer in H. pylori,
but the CagA protein itself is not essential for the survival of the bacteria, and there are
cagA-positive and cagA-negative strains. cagA-positive strains are more pathogenic than
cagA-negative strains and are reported to increase the risk of peptic ulcers and gastric
cancer [35,36]. cagA-negative strains are more common in South Africa, with a higher
proportion of cagA-positive strains in the Asian region. Among cagA strains, East Asian-
type cagA strains are considered to be more virulent compared to Western-type cagA
strains [37]. In Japan, almost 100% of the H. pylori strains are East Asian-type cagA strains,
except in Okinawa. In Okinawa, about 15% of H. pylori strains are cagA-negative and
about 15% of strains are Western-type cagA strains, and this difference in H. pylori strains
is thought to be the reason that the gastric cancer incidence rate is lowest in Okinawa
Prefecture among prefectures in Japan [9–12].

About 50% of the world’s population is a carrier of H. pylori. Because H. pylori is
transmitted mainly by vertical transmission from parent to child and has a high mutation
rate compared to human genes, recent studies have shown that it is possible to estimate not
only the diversity of its pathogenicity but also the history of human migration by studying
its genotypes in various regions of the world [12,38–40]. Genetic analysis of H. pylori by
the multi locus sequence typing (MLST) method has demonstrated the existence of two
new types unique to Okinawa, not found in other regions, one of which diverged from
other strains tens of thousands of years ago [12]. It has been speculated that there were
multiple waves of human migration starting in Africa [12,38–42], and the Okinawa-specific
H. pylori strains are thought to be the result of early migratory people. At present, the
route of arrival of the new type of H. pylori strains recognized in Okinawa is unknown,
but Okinawa has its own strains of H. pylori, and it is possible that regional differences in
gastritis findings were observed due to differences in these H. pylori strains.

There are several limitations in this study. Because this was a retrospective cross-
sectional study and H. pylori gene analysis was not performed, the H. pylori strains could
not be identified. In addition, each endoscopist evaluated the endoscopic findings inde-
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pendently, which may have resulted in interobserver variability. The methods used to
diagnose H. pylori infection were different in each group, and the accuracy, sensitivity,
and specificity of each H. pylori test varied, which may have affected the results of this
study. The present study did not consider the effects of drugs that alter the gastric mucosa
and duodeno-gastric reflux, and age stratification analysis was not performed. As the
number of hospitals surveyed in this study was limited, we have not been able to examine
whether the study is representative of the general population in Japan. Among patients
who underwent UGI, the Okinawa group underwent endoscopy based on medical checkup,
whereas the Tokyo group underwent endoscopy based on disease, suggesting selection bias.
Therefore, a prospective study considering other factors that may affect the gastric mucosa
and combining H. pylori gene analysis and age stratification analysis will be required to
confirm our findings.

5. Conclusions

When the endoscopic findings according to the Kyoto Classification of Gastritis were
compared between the Okinawa and Tokyo groups, the Okinawa group showed a higher
percentage of closed-type atrophy and a difference in inflammation-related findings of
H. pylori-infected gastric mucosa compared with the Tokyo group. Among the endoscopic
features in the Kyoto Classification of Gastritis, spotty redness was considered to be useful
for the diagnosis of H. pylori infection in the Okinawa group. Our results suggested the
possibility of regional differences in endoscopic findings of H. pylori-infected gastric mucosa
between Okinawa and Tokyo.
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Abstract: Helicobacter pylori (HP) infection is closely associated with the development of chronic
gastritis, peptic ulcer, and gastric cancer. However, the resistance rate of H. pylori strains to antibiotics
such as clarithromycin, metronidazole, and levofloxacin has increased significantly, resulting in a
significant decrease in the eradication efficacy of commonly used regimens. Tetracycline has received
the attention of domestic and foreign scholars because of its low resistance. The purpose of this
review is to provide an update on the tetracycline-containing bismuth quadruple eradication therapy
for H. pylori infection and review the efficacy and safety of the regimens, hoping to provide guidance
for clinical practice.

Keywords: Helicobacter infection; tetracycline; eradication; penicillin allergy; furazolidone; metronidazole;
amoxicillin

1. Introduction

Helicobacter pylori (HP) infection is closely associated with the development of chronic
gastritis, peptic ulcers, dyspepsia, gastric mucosa-associated lymphoid tissue lymphoma,
and gastric cancer, and approximately 75% of gastric cancers worldwide can be attributed
to Helicobacter pylori-induced inflammation and injury [1]. China is a country with a dual
high incidence of Helicobacter pylori infection and gastric cancer, with a current infection
rate as high as 50%, and the number of cases of gastric cancer accounts for about 44%
worldwide [2]. The Kyoto Global Consensus on HP Gastritis proposes that HP infection
is an infectious disease, and all those who are positive for HP infection should receive
eradication therapy [3]. However, the resistance rate of H. pylori strains to antibiotics such
as clarithromycin, metronidazole, and levofloxacin has increased significantly, resulting in
a significant decrease in the eradication efficacy of commonly used regimens [4].

Tetracycline was discovered in the 1940s and exhibited activity against a wide range
of microorganisms, including Helicobacter pylori. It binds reversibly to a pocket in the 30S
subunit of bacterial ribosomes containing 16S rRNA, causing bacteriostatic and bactericidal
effects by inhibiting protein synthesis and bacterial growth [5]. Tetracycline has received
the attention of domestic and foreign scholars because of its low resistance and high
eradication efficacy; therefore, the Maastricht VI consensus recommended in 2022 that
PPI-bismuth-tetracycline-metronidazole be used to eradicate HP during first-line treatment
regardless of clarithromycin resistance [6]. According to Italy’s latest guidelines, bismuth-
based quadruple therapy (BQT) should be used as first-line treatment for H. pylori in Italy
for patients with high (>15%) or unknown prevalence of clarithromycin resistance [7].
The sixth expert consensus in China also recommends a bismuth quadruple regimen as
the first and rescue therapy for HP-infected individuals, and the non-bismuth quadruple
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regimen (concomitant regimen, heterozygous regimen, and sequential regimen) is no longer
recommended. Bismuth is a mucosal protective agent that can eradicate HP by inhibiting
the adhesion of HP and inhibiting its protease, urokinase and phospholipase [8]. Bismuth
has no drug resistance and has high safety in short-term applications. Recommended
tetracycline-containing bismuth quadruple regimens include tetracycline (500 mg three
times daily/four times daily) combined with metronidazole (400 mg three times daily/four
times daily) or amoxicillin (1000 mg twice daily).

The purpose of this review is to provide a summary of the tetracycline-containing
bismuth quadruple eradication therapy used to treat HP infection. In the last decade, the
importance of the infection and the advantages associated with its eradication have become
increasingly recognized [9,10]. Treatment regimens for HP infection with eradication
rates greater than 90% are generally regarded as successful [11]. As resistance to other
antibiotics increases, tetracycline has been increasingly investigated for its effectiveness
in eradication therapy, but it also has a higher incidence of adverse effects. Therefore,
this article also reviews the safety of tetracycline-containing bismuth quadruple regimens,
hoping to provide guidance for clinical practice.

2. Eradication Rates, Safety, and Compliance with Bismuth-Containing Tetracycline
Quadruple Therapy

2.1. Tetracycline + Metronidazole

Due to the low rate of HP resistance to tetracycline, several countries or regions in
Europe and the United States recommend bismuth quadruple therapy, commonly known
as classical quadruple therapy, including PPI-bismuth-tetracycline-metronidazole, as a
first or rescue therapy for HP eradication [6]. It has been shown that H. pylori eradication
rates were less than 80% with the 7-day regimen, 88.9% with the 10-day regimen for
the intention-to-treat (ITT) analysis, and 91.6% for the per-protocol (PP) analysis [12,13].
In 2020, the Spanish team explored the effectiveness of metronidazole combined with
tetracycline as a third-line treatment in patients with refractory infections who had failed
both clarithromycin and levofloxacin, with eradication rates of 82% and 83% by ITT and PP
analysis, respectively. These rates were decreased by 5–10% in patients who had previously
used metronidazole [14]. In 2013, a single-center randomized controlled trial (RCT) in
China using tetracycline combined with furazolidone or amoxicillin or metronidazole for
14 days achieved an eradication rate of more than 90% in rescue therapy patients with
HP infection [15]. Among them, the ITT and PP analysis of tetracycline combined with
metronidazole regimen were 87.9% and 93.1%, and tetracycline combined with furazolidone
achieved higher eradication rates with ITT and PP values of 91.6% and 96.7%, respectively.
However, tetracycline combined with furazolidone also had a higher incidence of adverse
events in patients compared with the other two regimens (33.6%). A real-life study has
been conducted in Italy where BQT provided eradication rates higher than 90%, even
in areas with high clarithromycin resistance, with an ITT and PP of 91.5% and 95.8%,
respectively [16]. A single-center retrospective study in the northeast region of Poland
investigated the effectiveness of BQT 10-day therapy in the eradication of H. pylori infection,
resulting in an eradication rate of 89.4% (84/94), which also provided a good efficacy [17].

Pylera is a 3-in-1 capsule containing 140 mg bismuth subcitrate, 125 mg metronidazole,
and 125 mg tetracycline. In a meta-analysis of 21 studies, Pylera, as a first-line therapy,
resulted in approximately 90% eradication in an ITT analysis [18]. The incidence of clar-
ithromycin resistance is approximately 30% in some regions of central and southern Italy,
and several studies conducted in Italy have confirmed the high efficacy of Pylera across
a high prevalence of clarithromycin (CLA) resistance regions [19–21]. A prospective, un-
controlled, single-center observational study of 200 treatment-naïve HP-infected patients
conducted by the Spanish team achieved high eradication rates with four times daily Pylera
capsules combined with PPI twice in the morning and evening for 10 consecutive days,
with rates of 91.5% and 95.2% in the ITT and PP analyses [22]. A real-life study conducted
in Italy drew a similar conclusion that BQT using Pylera is an effective treatment strategy,
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with ITT eradication rates higher than 90%, even in areas with high resistance rates to
H. pylori strains CLA or CLA + metronidazole resistance [23].

2.2. Tetracycline + Furazolidone

Furazolidone is a nitrofuran antibiotic with strong antioxidant activity and good ab-
sorption and distribution characteristics. In addition, antibiotic resistance is unlikely to
develop. Other regimens containing furazolidone have previously been reported to achieve
relatively high eradication rates [24,25]. Previous retrospective studies have shown that bis-
muth quadruple therapy containing tetracycline and furazolidone regimens could provide
good eradication, with eradication rates of 91.74% and 95.24% in ITT and PP analyses, but
retrospective studies have a low level of evidence [26]. In northwest China, a multicenter
RCT study was conducted in 2020 to investigate the non-inferiority of amoxicillin plus
berberine vs. tetracycline plus furazolidone quadruple therapy for HP rescue therapy, and
the ITT and PP analyses were 77.5% and 85% [27]. Previous Chinese studies have also
reported 7-day therapy with tetracycline (750 mg twice daily) combined with furazolidone
(1000 mg twice daily), but good eradication rates have not been achieved, with ITT and PP
only 68.6% and 72.7% [28]. Another retrospective study using Lactobacillus acidophilus
(1 g three times daily) for 2 weeks followed by a bismuth-containing quadruple regimen
(tetracycline 750 mg twice daily + furazolidone 100 mg twice daily) for 10 days as rescue
therapy in patients who had previously eradicated H. pylori twice or more showed values of
92% and 91.8% in ITT and PP analyses, respectively, suggesting that patients with multiple
eradications of infection may benefit from probiotic therapy [29].

2.3. Tetracycline + Amoxicillin

A meta-analysis explored the efficacy of tetracycline combined with amoxicillin for
H. pylori eradication and included 33 studies, with ITT and PP analysis of 78.1% and 84.5%,
and the relative risk (OR) of this regimen was 0.9 compared with other regimens, suggesting
that tetracycline plus amoxicillin may not be inferior to other studies, but more clinical
studies are needed to verify this [30]. In 2018, a randomized controlled trial (RCT) in
China using rabeprazole (10 mg twice daily), bismuth, amoxicillin (1000 mg twice daily),
and tetracycline (750 mg twice daily) 10-day quadruple therapy as first-line treatment for
H. pylori eradication showed eradication rates of 87.2% and 91.9% in ITT and PP analyses,
respectively, and efficacy was not affected by antibiotic resistance [31]. Although some
studies have shown that amoxicillin combined with tetracycline is pharmacologically resis-
tant, this clinical study still achieved a high eradication rate. Several studies previously also
reported that the efficacy of tetracycline combined with an amoxicillin bismuth quadruple
regimen is unsatisfactory. In a 2016 Korean study using pantoprazole 40 mg, bismuth
600 mg, tetracycline 1 g, and amoxicillin 1 g twice daily as first-line therapy for HP infec-
tion, the ITT and PP analyses were only 68.7% and 76.5%, and there was a 36.9% incidence
of adverse events [32].

2.4. Tetracycline + Levofloxacin

In China, due to the many clinical applications of quinolones, there is cross-resistance
with levofloxacin. At present, the resistance rate of levofloxacin in China has reached
more than 20% [33]. Therefore, the guidelines do not recommend levofloxacin-containing
regimens as first-line treatments unless applied to patients allergic to penicillin [34]. The
Maastricht VI consensus indicated in 2022 that, regardless of clarithromycin resistance,
eradication of HP with PPI-bismuth-tetracycline-levofloxacin is recommended when rescue
therapy is given [6]. The Taiwan team has explored that a 10-day tetracycline (500 mg four
times daily) regimen combined with levofloxacin (500 mg once daily) quadruple bismuth-
containing regimen for HP-infected patients who failed sequential therapy provides a
better eradication rate, achieving values of 95.8% in both ITT and PP analyses, but the
sample size was small, with only 24 patients, and more studies are needed to confirm these
findings [35]. In a 2019 RCT study (NCT02978157) conducted by the CHINA Taiwan team,
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50 patients were treated for second-line HP infection with esomeprazole 40 mg twice daily,
bismuth 120 mg once daily, tetracycline 500 mg once daily, and levofloxacin 500 mg every
other day. There was a 22% rate of adverse events, primarily nausea and dizziness, but
results regarding eradication rates were not published.

In Table 1, we summarize the efficacy and safety of tetracycline-containing bismuth
quadruple regimens and list the specific study regimens, durations, and sample sizes.

Table 1. Studies of tetracycline-containing bismuth quadruple regimens in HP-infected patients.

Year Author Study Regimen
Duration

(d)
Sample

Size
ER (ITT/PP, %)

AE
(%)

Compliance
(%)

Ref

2020 Nyssen et al. Rescue, RCT 0 + T + M + B 14 45 82/83 63 96 [14]
2018 Xie et al. 1, RCT R + T + A + B 14 109 87.2/91.9 5.5 97.2 [31]

2013 Lu et al. Rescue, RCT
L + T + A + B 14 105 83.8/94.6 16.2 88.6

[15]L + T + M + B 107 87.9/93.1 33.6 94.4
L + T + F + B 108 91.7/96.1 17.6 95.4

2020 Zhang et al. Rescue, RCT E + T + F + B 14 329 77.5/85 26.1 90 [27]
2014 Zhang et al. Rescue, R R + T + F + B 14 109 91.74/95.24 32.1 / [26]
2014 Hsu et al. Rescue, RCT E + T + L + B 10 24 95.4/95.4 25 100 [35]
2016 Lee et al. 1, RCT P + T + A + B 14 195 68.7/76.5 36.9 87.2 [32]
2020 Kim et al. Rescue, R P + T + M + B 7 98 92.9 36.7 / [36]
2020 Fernandez et al. 1, RCT PPI + Pylera® 10 200 91.5/95.2 28.5 96 [22]

R, rabeprazole; L, lansoprazole; E, esomeprazole; O, omeprazole; T, tetracycline; M, metronidazole; F, furazolidone;
A, amoxicillin; L, levofloxacin; B, bismuth; ITT, intention-to-treat analysis; PP, per protocol analysis; RCT,
randomized controlled trial; R, retrospective study; AE, adverse event; ER, eradication rate.

3. Tetracycline Regimen Selection for Penicillin-Allergic Patients

Amoxicillin is one of the most effective antibiotics against Helicobacter pylori, and the
resistance rate is low, but about 10% of patients are allergic to penicillin, making it difficult to
use these drugs in these patients. Maastricht VI consensus and the sixth Chinese consensus
recommended that PPI-bismuth-tetracycline-metronidazole was first recommended to
eradicate HP in patients allergic to penicillin during first-line treatment [6]. In 2018, a
retrospective study in China using tetracycline (500 mg three times daily) combined with
metronidazole (400 mg three times daily) as the first-line regimen included 120 patients
with penicillin allergy and achieved a high eradication rate of 86.7% and 94.5% in ITT and
PP analyses, respectively [37]. However, the incidence of adverse reactions was 44%, and
10 patients discontinued treatment due to adverse reactions. Although the total dosage
of tetracycline and metronidazole in this study was lower than the dosage of antibiotics
used in previous domestic studies, the efficacy was not disappointing [13]. In the past,
two groups applied first-line 10-day regimens of PPI, tetracycline, and metronidazole in
5 and 17 patients with penicillin allergy, respectively, and reported eradication rates of
80–85%, but the number of patients was small, and more studies are needed to verify the
reliability of this conclusion [38,39]. Quadruple therapy (PPI, bismuth, tetracycline, and
metronidazole) is generally recommended as the best second-line therapy for HP infection
after the failure of standard PPI-based triple therapy [40]. The Spanish team treated patients
with penicillin allergy with tetracycline combined with metronidazole in a 10-day regimen
for first-line treatment; 50 patients were included, but the eradication rate was less than
80% [41].

Although both the Maastricht consensus and the American Gastroenterological Associ-
ation consensus recommend tetracycline combined with bismuth metronidazole quadruple
regimen for rescue therapy, most retrospective studies have a low level of evidence and
generally small sample size, and more studies are needed to verify its efficacy. In 2020, the
Spanish team used data from the European Helicobacter pylori Administrative Registry to
reassess the efficacy and safety of first and rescue therapy for HP-infected patients, and the
classical bismuth quadruple regimen achieved a high eradication rate in first-line therapy
in 250 patients, with values of 91% and 92% in the ITT and PP analyses. Classical bismuth
quadruple therapy as second-line therapy also provided eradication rates of 78% and 82%
in patients previously treated with triple therapy (PPI + clarithromycin + metronidazole).

86



J. Clin. Med. 2022, 11, 7040

The eradication rate of this regimen was 77.8% at third-line treatment. Adverse events were
higher with bismuth quadruple therapy in the first-line setting (29% of cases). Dysgeusia,
diarrhea, and nausea were the most common adverse events, and the duration varied from
5 to nearly 10 days [42]. In Table 2, we summarize the efficacy and safety of tetracycline-
containing bismuth quadruple therapy for penicillin-allergic patients and list the specific
treatment lines, regimens, durations, and sample sizes.

Table 2. Summary of studies with tetracycline-containing regimens in patients with penicillin allergy.

Year Author
Treatment

Line
Regimen Duration (d) Sample Size ER (ITT/PP, %)

AE
(%)

Ref

2020 Nyssen OP et al.,
RCT

1
PPI + T + M + B

14 250 91/92 29
[42]2 14 69 78.2/81.8 32

3 14 18 77.8/93.4 39

2015 Gisbert et al., RCT
1

O + T + M + B 10
50 74/75 14

[41]2 24 37 58
3 3 100 67

2018 Gao et al., R 1 R + T + A + B 14 120 86.7/94.5 47 [37]

2005 Rodrigue et al., R 1
E + T + M 10

17 82 /
[39]2 3 100 /

2006 Matsushima et al., R 1 PPI + T + M 7–14 5 80 / [38]
2005 Gisbert et al., RCT 2 RBC + T + M 7 17 47 53 [43]

R, rabeprazole; E, esomeprazole; O, omeprazole; PPI, proton pump inhibitors; RBC, ranitidine bismuth citrate;
T, tetracycline; M, metronidazole; A, amoxicillin; B, bismuth; ITT, intention-to-treat analysis; PP, per protocol
analysis; RCT, randomized controlled trial; R, retrospective study; AE, adverse event; ER, eradication rate.

4. Precautions for Using Tetracycline

Tetracycline is a broad-spectrum antibiotic produced by actinomycetes that inhibits
bacterial reproduction and viability by interfering with protein synthesis. However, previ-
ous studies have shown that the incidence of individual adverse reactions is unsatisfied,
and common adverse drug reactions to tetracycline include gastrointestinal symptoms
(nausea, vomiting, and epigastric discomfort), photosensitivity reactions, allergy, ana-
phylactic shock, asthma, and hemolytic anemia. Loss of appetite, severe liver damage,
and affected tooth and bone growth have been reported in studies. In previous studies,
quadruple therapy with (PPI + bismuth + tetracycline + furazolidone) in penicillin-allergic
patients developed more severe adverse reactions (drug fever, rash) in 5.5% of patients,
although the eradication rate of the regimen (ITT 91.7%, PP 95.2%) exceeded 90% [26].
Tetracycline–metronidazole-containing quadruple regimens had a lower incidence of se-
rious adverse reactions compared with tetracycline–furazolidone-containing quadruple
regimens. Bismuth quadruple therapy with tetracycline 1000 mg twice daily combined
with metronidazole 500 mg three times daily for seven days is as effective and safe as
quadruple therapy with conventional doses (tetracycline 500 mg four times daily combined
with metronidazole 500 mg three times daily) as rescue therapy [36]. Abdominal pain,
bloating, and other discomforts were less frequent with twice-daily doses [36]. Common
adverse events and the reported frequency of each regimen are listed in Table 3.

Table 3. Adverse events of tetracycline-containing bismuth quadruple eradication therapy.

Adverse Effect Reported Frequency
T + M [14,15] T + A [15,31,32,37] T + F [15,26,27] T + L [35]

Taste disturbance 1.9–35% 5.6% 0–19.8% 4.2%
Nausea 15.9–41% 2.9–8.3% 2.8–33.7% 4.2%

Diarrhea 2.8–15% 0.46–16.7% 0.9–18.6% 4.2%
Reduced appetite 7.1–8.4% 1.4–1.9% 0–2.8% 4.2%

Vomiting 18% 2.8% 0–17.4% 4.2%
Abdominal pain 5.9–8.4% 1.9–9.2% 0–23.3% 4.2%
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Table 3. Cont.

Adverse Effect Reported Frequency
T + M [14,15] T + A [15,31,32,37] T + F [15,26,27] T + L [35]

Headache/dizziness 3.7% 2.76–10% 1.9–9.3% 8.4%
Rash 0 1.9–3.3% 1.9–3.67% 4.2%

Fatigue 7.5–12% 1–5% 6.5–10.5% 4.2%
Fever 0 0.8–1.9% 1.9–5.5% 0

Bloating 0 15.3% 9.3% 0
T, tetracycline; M, metronidazole; F, furazolidone; A, amoxicillin; L, levofloxacin.

5. Recent Advances

Following the formal recognition of HP gastritis as an infectious disease in 2015, it
was recommended that all patients should undertake eradication medication [3,9]. With
infectious diseases, it is generally possible to reliably cure almost 100% of cases; however,
the eradication rates reported in current studies are still far from this goal. In the future,
H. pylori treatment trials will focus on actual cure rates, and comparisons will be restricted
to deciding which of two highly successful therapies (average cure rate of at least 90%,
preferably ≥95%) is best [11].

H. pylori therapies should be susceptibility based, relying either on susceptibility
testing or on proven high local success rates. The prevalence of antibiotic resistance has
increased such that clarithromycin, metronidazole, or fluoroquinolone triple therapies
can no longer be used empirically. The first step in identifying and prescribing an effec-
tive therapy is to exclude antibiotics where preexisting resistance is likely. This can be
accomplished by history and/or susceptibility testing, such as real-time PCR and even
next-generation sequencing (NGS). Susceptibility-guided therapy (SGT) is an effective
way to achieve high efficacy and avoid unnecessary antibiotic use while ensuring cost-
effectiveness. Several clinical trials [44,45] were conducted to evaluate whether SGT shows
a superior or similar efficacy in comparison with bismuth-containing quadruple therapy. It
is necessary to carry out susceptibility-guided H. pylori eradication therapy versus empirical
tetracycline-bismuth containing quadruple regimen in terms of eradication rate and cost in
the future.

Vonoprazan (VPZ), a reversible H+-K+ ATPase inhibitor, has a fast and sustained acid
suppression action that is unaffected by diet or polymorphisms in genes [46,47]. Vono-
prazan increased the intragastric pH to over 4.0 within 4 h, which allowed the opportunity
to achieve a shorter treatment duration [48]. VPZ-based regimens appear to be more ef-
fective than PPI-based regimens according to a present meta-analysis [49]. Vonoprazan is
typically used in combination with amoxicillin or clarithromycin for H. pylori eradication
therapy, and there have been no clinical trials involving its use in combination with tetracy-
cline. VPZ’s excellent acid-suppressive ability combined with low tetracycline resistance
will result in high eradication rates, but safety needs to be further evaluated in randomized
controlled trials.

6. Conclusions

The HP infection rate is high, and drug resistance is prevalent worldwide. It is ur-
gent to explore eradication regimens with high eradication rates, good safety, and good
compliance. Tetracycline resistance is low in many countries, and tetracycline-containing
bismuth quadruple regimens such as tetracycline combined with metronidazole or fura-
zolidone or amoxicillin or levofloxacin can achieve better eradication rates. Especially in
penicillin-allergic patients, tetracycline-containing bismuth quadruple regimens could be
recommended as first-line therapy. However, current tetracycline-related studies were
conducted mainly in Asia and Europe, and there are many retrospective studies. The
efficacy and safety still need to be further evaluated by large-sample, multicenter prospec-
tive studies and more real-world data. Tetracycline has higher rates of adverse effects
than other antibiotics, and current guidelines still recommend 1.5–2.0 g of tetracycline
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daily for eradication therapy. It is necessary to explore the effectiveness of lower doses of
tetracycline-containing bismuth quadruple regimens in the future.
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Abstract: Many epidemiological studies and meta-analyses show that persistent Helicobacter pylori
infection in the gastric mucosa can lead to iron deficiency or iron deficiency anemia (IDA), particularly
in certain populations of children and adolescents. Moreover, it has been demonstrated that H. pylori
infection can lead to and be closely associated with recurrent and/or refractory iron deficiency
and IDA. However, the pathogenesis and specific risk factors leading to this clinical outcome in
H. pylori-infected children remain poorly understood. In general, most of pediatric patients with
H. pylori-associated IDA do not show evidence of overt blood loss due to gastrointestinal hemorrhagic
lesions. In adult populations, H. pylori atrophic gastritis is reported to cause impaired iron absorption
due to impaired gastric acid secretion, which, subsequently, results in IDA. However, significant
gastric atrophy, and the resultant substantial reduction in gastric acid secretion, has not been shown
in H. pylori-infected children. Recently, it has been hypothesized that competition between H. pylori
and humans for iron availability in the upper gastrointestinal tract could lead to IDA. Many genes,
including those encoding major outer membrane proteins (OMPs), are known to be involved in
iron-uptake mechanisms in H. pylori. Recent studies have been published that describe H. pylori
virulence factors, including specific OMP genes that may be associated with the pathogenesis of IDA.
Daily iron demand substantively increases in children as they begin pubertal development starting
with the associated growth spurt, and this important physiological mechanism may play a synergistic
role for the microorganisms as a host pathogenetic factor of IDA. Like in the most recent pediatric
guidelines, a test-and-treat strategy in H. pylori infection should be considered, especially for children
and adolescents in whom IDA is recurrent or refractory to iron supplementation and other definitive
causes have not been identified. This review will focus on providing the evidence that supports a
clear biological plausibility for H. pylori infection and iron deficiency, as well as IDA.

Keywords: child; gastritis; Helicobacter pylori; host genetic factor; iron deficiency anemia; iron demand;
iron uptake; sports activity; virulence factor

1. Introduction

Helicobacter pylori infection is quite common and this organism colonizes an estimated
fifty percent of the world’s populations [1]. However, there is a wide difference in H. pylori
prevalence among different countries, with infection rates in Latin America and Africa up-
wards of 70–80% of adults compared to infection prevalence of 20–30% of adults in Canada
and U.S. [2]. Gastric colonization with H. pylori is usually life-long, which then, eventually
and inevitably, induces persistent mucosal inflammation. Long-term H. pylori infection
can cause pre-cancerous pathology, including gastric atrophy and intestinal metaplasia
in adulthood, leading to especially intestinal-type gastric cancer, particularly in at-risk
populations [3,4]. Since 1994, H. pylori has been classified as a class I carcinogen associated
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with the development of gastric adenocarcinoma by the World Health Organization (WHO),
as well as by the International Agency for Research on Cancer [5].

In the pediatric population, H. pylori is also associated with the development of
gastritis, peptic ulcer disease (duodenal more than gastric ulcers), in rare cases mucosal-
associated lymphoid-type tissue lymphoma, and extra-gastrointestinal diseases, including
iron deficiency (ID)/iron deficiency anemia (IDA) and idiopathic thrombocytopenic pur-
pura [6,7]. However, the majority of H. pylori-infected children remain relatively asymp-
tomatic without any readily apparent clinical diseases. Significantly, atrophy and intestinal
metaplasia are rarely found in H. pylori-infected children, and gastric cancer is extremely
rare [6,7] (Figure 1). The fact that compared to adults, an abundance of H. pylori-infected
children demonstrate less severe gastritis and the resultant outcome of severe clinical
diseases indicates a down-regulation of host immune response in the early natural history
of infection [8]. With data that suggests that H. pylori is an “old” pathogen with respect
to human evolution, this dampening of the host response in the initial or early infection
after gastric mucosal colonization makes biological sense in order to facilitate immune
evasion and establish persistent infection in a unique biological niche. The knowledge that
there is a wide difference in a clinical spectrum of H. pylori-associated disease, including
H. pylori-associated IDA, between both pediatric and adult populations is very important
in understanding the complex pathobiology of human H. pylori infection.

Figure 1. H. pylori infection and the related diseases.

It is known that H. pylori is closely associated with the development of IDA in chil-
dren. Unlike in gastric cancer, H. pylori-associated IDA occurs commonly in children and
adolescents [9]. Improvement of the associated IDA by eradication of H. pylori appears
to be dependent primarily upon pediatric age groups, which might not be generalizable
to adult populations [10]. These facts lead to a hypothesis that the pathogenesis of the
IDA differs from that of gastric ulcer or cancer caused by long-term infection of H. pylori
(Figure 1). There is a possibility that the development of H. pylori-associated IDA in children
might not depend solely upon mucosal injury and pathologies such as gastric atrophy and
intestinal metaplasia.

It is thought that the pathogenesis and clinical outcome of H. pylori-associated diseases,
including IDA, depend upon multiple factors, including but not limited to bacterial viru-
lence and environmental factors, as well as host genetic and acquired factors. Furthermore,
it is the interaction between these bacterial and host factors and the modulation or influence
by environmental exposures that affects the host microbiome, i.e., synergistic mechanisms
that then result in gastro-duodenal mucosal disease outcome. However, the specific mech-
anisms underlying H. pylori-associated IDA remain poorly understood. In the present
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review, the biologically plausible and possible pathogenesis of H. pylori-associated IDA in
childhood and adolescence and the clinical aspects, including management are discussed.

2. Clinical Aspects of H. pylori-Associated IDA

2.1. Iron Absorption in Humans

Non-heme iron accounts for >80% of dietary iron in developed countries [11]. Re-
duction from ferric (Fe+++) to the ferrous (Fe++) forms of iron is essential for intestinal
absorption, and in this process gastric acid and ascorbic acid play important roles [11].
Non-heme iron is absorbed primarily in the proximal small intestine via the divalent metal
transporter-1 expressed in the proximal duodenum mucosa [10]. On the other hand, the
mechanism of absorption of heme iron remains to be poorly understood. Important regu-
lators of hepcidin produced by hepatocytes, and, therefore, of systemic iron homeostasis,
include the following components; plasma iron concentration, body iron stores, infection
and inflammation, and erythropoiesis [10].

2.2. Clinical Evidence

It is reported that up to ID or IDA occurs in one-fourth of children with H. pylori
infection [12]. H. pylori infection prevalence increases in the pre-teen and adolescent age
groups, and IDA is also more prevalent in those age groups, irrespective of cause [6]. In
a pediatric study in Alaska [13], ID was highly prevalent among school-aged children,
and H. pylori infection was independently associated with ID and IDA. On the other hand,
several studies showed no causal relationship between IDA and H. pylori infection in
children [14–16]. In a randomized controlled study in Bangladeshi children [17], it was
shown that H. pylori infection is neither a cause of ID/IDA nor a reason for treatment failure
with iron supplementation.

However, many epidemiological and interventional studies have shown an associ-
ation between H. pylori infection and ID/IDA in children [13,18,19]. In an international
multi-center pediatric study [20], there was a significant association observed between
H. pylori infection and low ferritin concentration in Chile and Brazil but not in United
Kingdom. We speculate that these differences could be explained by different host factors
in the populations infected in Chile and Brazil, compared to the U.K., and/or different
environmental exposures in these geographically distinct populations, thereby leading to
specific indigenous microbiome differences in these population, leading to ID/IDA in one
and not in the other population. Meta-analyses have shown that a risk of ID and IDA,
particularly that which is unexplained, is higher in individuals with H. pylori infection than
in those without the infection [21,22]. H. pylori eradication can reduce the prevalence of ID
in children [20]. It has been demonstrated that the eradication of H. pylori could improve
iron status with IDA [23]. In a meta-analysis with 16 randomized controlled trials [24],
it was demonstrated that H. pylori eradication therapy plus oral iron supplementation
significantly increased levels of hemoglobin, serum iron, and ferritin more than iron sup-
plementation alone. In particular, such effect for hematological indices with anti-H. pylori
treatment was also shown in patients with moderate or severe IDA.

Recent studies have reported that H. pylori-associated IDA is frequently refractory
to iron-supplementation therapy or shows recurrent episodes of the IDA once supple-
mentation has been discontinued [25,26]. Such refractory or recurrent natures of H. pylori-
associated IDA can be resolved by eradication of the bacteria [23,25,27]. Eradication of
H. pylori results in reversal of long-standing IDA [28,29]. Furthermore, successful eradica-
tion of H. pylori leads to long-term resolution of refractory or recurrent IDA in Japanese
teenagers [27]. Taking together the cumulative evidence described above, it is concluded
that H. pylori causality on childhood IDA has been established. In addition, it is thought
that H. pylori plays a central role in the pathogenesis of H. pylori-associated IDA.
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3. Pathogenesis

3.1. Gastrointestinal Mucosal Lesions and IDA

IDA can be directly caused by blood loss from H. pylori-induced mucosal injury and
gastroduodenal lesions such as erosions and ulcerations. A previous study showed that
hemorrhagic gastritis was consistent and key finding in the Alaska native population
who have a long history of refractory ID and in whom H. pylori infection is prevalent [30].
Moreover, some of H. pylori-infected Alaska native children had peptic ulcers with active
bleeding that is clinically severe enough to require endoscopic hemostasis [31,32]. AGA
technical review stresses that any gastrointestinal lesion that causes a mucosal defect can
bleed enough to lead to both overt and/or occult blood loss and, therefore, cause IDA [10].
This review also mentioned that the clinical spectrum is broad because many different
lesions in distinct gastrointestinal sites are capable of bleeding in an occult manner. In
H. pylori-infected children, however, the most common clinical diagnosis at diagnostic
upper endoscopy is chronic gastritis without any hemorrhagic mucosal lesions [32,33].
In a pediatric multi-center study in Japan [33], it is suggested that blood loss from the
gastrointestinal tract rarely causes IDA in children with H. pylori infection. Children with
H. pylori-associated IDA often have no endoscopic hemorrhagic lesions and negative results
for fecal occult blood tests using ant-hemoglobin antibodies [27,34]. Blood loss from the
gastrointestinal mucosa does not appear to be the primary pathogenetic cause of H. pylori-
associated IDA /ID in Alaska native children. Thus, upper gastrointestinal mucosal lesions
do not appear to play a direct or central role for IDA pathogenesis in H. pylori-infected
children (Figure 2).

Figure 2. Possible pathogenesis of H. pylori-associated IDA in childhood and adolescence.

In some Western countries, Celiac disease is important as a cause of IDA, irrespective
of H. pylori infection [20,35]. In developing countries, other non-H. pylori infections, in
particular gastrointestinal parasitic infection, should be considered as risk factors of ID/IDA
in addition to contributing factors of poor iron intake and low dietary iron bioavailability
that occur in parasite endemic regions of the world [20].

3.2. Impaired Gastric Acid Secretion

Impaired iron absorption due to reduced gastric acidity and ascorbic acid concentra-
tion, both of which are related to H. pylori gastritis and, in particular, atrophic gastritis,
are suggested as important pathogenetic factors of H. pylori-associated IDA in adults [36].
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In addition, an association between transient hypochlorhydria often observed as a con-
sequence of acute H. pylori infection and IDA is suggested [37,38]. However, H. pylori
chronic gastritis is often not atrophic in the majority of the infected children [39] (Figure 1).
In an international study with H. pylori-associated IDA, corpus atrophy was observed in
only two patients and no intestinal metaplasia in any children studied [21]. In a recent
Chinese study [40], chronic atrophic gastritis was observed in only 4.4% of H. pylori-infected
children and neither marked atrophy nor intestinal metaplasia was detected in any patients.
Conversely, it is reported that interleukin (IL)-1β may influence ID/IDA risk in H. pylori-
infected children [41,42]. IL-1β is one of the earliest and most important pro-inflammatory
cytokines, and has been detected in both in vitro and in vivo studies of H. pylori infection,
and IL-1β is also a powerful inhibitor of gastric acid secretion [43]. However, gastric acid
secretion is not universally impaired in children with H. pylori chronic gastritis, although
the secretion is markedly increased in those with H. pylori-associated duodenal ulcers [44].
It can be concluded that impaired gastric acid secretion does not appear to be a primary or
direct cause of H. pylori-associated IDA in childhood and adolescents.

3.3. Hepcidin

Hepcidin is an iron-regulatory hormone and inhibits macrophage iron release and
intestinal absorption, leading to hypoferremia [45]. Hepcidin plays a key mediator of
hypoferremia observed and associated with inflammation. Studies have demonstrated that
IL-6 induces hepcidin expression in hepatic cells [46]. In H. pylori-infected children, IDA
may be caused by increased serum hepcidin [47] (Figure 2). Anemia of chronic inflammation
is mediated, in part, by the stimulation of hepcidin by cytokines [48]. Therefore, it has
been suggested that refractory-increased hepcidin levels may be involved in the failure of
patients with H. pylori infection to respond to iron [48].

3.4. Recent Pathogenetic Hypothesis

It has been recently hypothesized that competition between H. pylori and humans for
iron availability could lead to IDA [9]. Iron is essential for cell growth and maintenance
not only in human hosts but also in the principle metabolic processes of a number of
bacteria, in particular H. pylori. Most strains of H. pylori likely perform some degree of iron
metabolism necessary for their survival and reproduction in the gastric environment, may
not, by themselves harm the health of most infected hosts. If this hypothesis is right, it is
speculated that some of H. pylori strains are not harmful for the host [49], and the others
aggressively steal bioavailable iron from the host, resulting in ID/IDA. It has been reported
that H. pylori strains from IDA patients show more rapid growth and enhanced uptake of
both ferrous and ferric ions compared to those from non-IDA patients [50]. In the other
study [34], however, the degree of bacterial growth was not significantly different between
the IDA and control strains. Thus, further studies will be needed to determine the specific
phenotype(s) of the infecting H. pylori strains and whether the patient is then at risk for ID
or IDA.

3.4.1. Iron-Uptake Mechanisms in H. pylori

Knowledge of iron-uptake mechanisms in H. pylori is still limited. Many bacteria
secrete siderophores, high-affinity ferric chelators, and take up ferric iron-siderophore
complexes via specific outer membrane proteins (OMPs) [51]. Although H. pylori does not
have an identified siderophore or its specific receptor, the microorganism expresses several
proteins associated with iron metabolism, including the ferric uptake regulator (Fur), high-
affinity transporters of ferrous iron (FeoB) and ferric dicitrate (FecA), as well as non-heme
iron-containing ferritin (Pfr) [52] (Table 1). In addition, several iron-responsive OMPs are
suggested to play roles in H. pylori heme uptake [53,54]. Under iron-restricted conditions,
fecA gene and frpB encoding iron-regulated OMP were up-regulated [34], while in iron-
replete environments, H. pylori expresses a single fecA3 and frpB4 OMP [52]. Contrarily, pfr
gene is down-regulated under iron-restricted conditions. Under iron-restricted conditions,
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the expression of several genes is up-regulated in a Fur-dependent manner [52,55]. H. pylori
Fur protein is also a versatile regulator involved in many pathways essential for gastric
colonization [55].

Table 1. Primary genes associated with iron uptake in H. pylori host infection and regulation of their
expression by iron.

Gene Function (Hypothetical) Iron-Deplete Condition Fur-Regulated

fur Ferric uptake regulator up-regulation -
fecA Ferric dicitrate transportor up-regulation Yes
feoB Ferrous iron transportor up-regulation Yes
frpB Iron-regulated OMP * up-regulation Yes
pfr Iron-containing ferritin down-regulation Yes

ceuE Iron-transport protein no regulation? No
* Outer membrane protein.

3.4.2. Bacterial Virulence Factors

A number of studies demonstrated that H. pylori colonizes the stomach with multiple
or plural strains and that the degree, severity and phenotype of gastric pathology depends
on complex interplay between various H. pylori virulence genes, host genetics, and environ-
mental factors [56]. In particular, it is not known at what stage during the natural history
of the infection a certain H. pylori strain genotype predominates the persisting infection,
thereby resulting in a specific disease phenotype or outcome. It is also known that H. pylori
shows the genetic diversity across species [57]. H. pylori virulence genes can be mainly
categorized into three classes: those related to adhesion and colonization, those related to
their virulence and ability to confer gastroduodenal mucosal injury, and others [58]. With
regard to the initial stage of the colonization of H. pylori in the stomach, OMPs expressed
on the bacterial surface are important as virulence factors and can bind to gastric epithelial
cells [59]. The H. pylori genome has nearly 60 genes encoding the OMPs [60].

H. pylori Colonization and Adhesins

Establishment of H. pylori colonization in the stomach is the initial and important step
for the development of the subsequent related diseases (Figure 2). H. pylori neutralizes the
gastric mucosal local environment using its urease activity, which, thereby, enables this
organism to occupy the unique biologic microaerophilic neutral pH niche at the mucosal
surface underneath the strong acidic gastric environment. H. pylori move freely in the dense
mucosal layer with a bundle of 2–6 unipolar flagella. However, these specific virulent
determinants are similar across all viable H. pylori strains and, thus, are thought to be
non-specific factor for IDA developments. On the other hand, it is suggested that genes that
regulate flagellar synthesis might be involved in the regulation of other virulence factors
such as adhesins [61].

Among OMPs, the members of H. pylori outer membrane protein (Hop) group, sialic
acid-binding adhesin (SabA), and blood group antigen-binding adhesin (BabA) are some
of the most frequently studied OMPs [62]. H. pylori attaches to the surface-adherent mucus
and directly to the gastric epithelial cells with several adhesins, such as SabA and BabA [62]
(Figure 2). Once H. pylori colonization on the epithelium is established, the bacteria release
toxins, including cytotoxin-associated gene A (CagA) and vacuolating cytotoxin A (VacA),
leading to gastric inflammation and injury. Risk factors of H. pylori-associated diseases
include the presence of the cag pathogenicity island (cagPAI) encoding Type IV secretion
system and CagA, vacA genotypes, OMPs, including BabA and SabA, and outer membrane
inflammatory protein OipA [63,64].

BabA and SabA of H. pylori allow the bacteria to persistently colonize in the stomach
via interaction with Lewis (Le) and sialylated Lewis (sLe) antigens on gastric epithelia
cells, respectively [62,65,66]. It is thought that SabA adhesin plays a key role for gastric
colonization in the stage of persistent infection, whereas BabA is an important adhesin in
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the early stage of the infection [62]. The sLex and sLea antigens are thought to be important
for H. pylori adherence and colonization in the stomach [56]. Although these antigens are
rarely present in normal gastric mucosa, gastric inflammation induced by H. pylori promotes
up-regulation of sLex antigens, resulting in enhancement of especially the SabA-mediated
attachment to the gastric epithelium [65]. Among sLe antigens, the main target receptor of
SabA protein is sLex [62]. On the other hand, the majority of H. pylori strains express at least
one type of Le antigens. Thus, H. pylori molecular mimicry in the form of Le antigens on the
bacterial cell surface provides effective mechanisms enabling H. pylori colonization within
the gastric mucosa, thereby effectively evading the host immune response [67]. SabA also
plays a role in non-opsonic activation of human neutrophils [68].

Major Cytotoxins

Pathogen-associated molecular patterns (PAMPs), such as lipopolysaccharide (LPS)
and flagella, are also the major pathogenetic factors of virulent colonizing H. pylori strains [69].
The cytotoxins, such as CagA, VacA and PAMPs, activate antigen-presenting cells, dendritic
cells, and macrophages, resulting in stimulation of the adaptive immune response through
the production of cytokines, including IL-12 and IL-23 [70].

CagA along with a type IV secretion system is thought to play an important role in
the development of gastric cancer [67]. However, H. pylori strains can be divided into two
types, those that possesses CagA and those that do not express the protein, therefore, the
presence or absence of CagA is not always a key pathogenetic factor for H. pylori-associated
disorders [67]. In a Slovenian study, the cagA genotype in children was associated with
the degree of gastric inflammation [71]. However, H. pylori strains isolated from Japanese
children exclusively carried the cagA gene, but there were no associations between this gene
and the severity of gastritis or peptic ulcer disease [72]. The adherence of H. pylori to the
gastric epithelial cells induces the expression of CagA, which is reported to be regulated by
the Fur protein [73]. In a Japanese study [34], however, there was no association observed
between expression of cagA gene and development of childhood IDA.

VacA is also an important cytotoxin as H. pylori virulence factors, which promotes
bacterial colonization and survival in the host cells [74,75]. VacA is considered a multifunc-
tional toxin inducing host cell damage [21,30]. VacA stimulates the regulatory T cells and
promotes differentiation to effector T cells, resulting in persistent colonization of H. pylori
in the gastric mucosa [76]. It is suggested that VacA escapes host immune defenses by
differentially regulating the expression of host genes related to immune evasion [77]. It is
reported that co-expression of CagA with OipA, VacA, and BabA plays synergic effects
in the outcome of H. pylori-induced gastric pathologies and disorders [78]. It has been
further suggested that VacA is synergistically involved in the pathogenesis of childhood
H. pylori-associated IDA [34].

IDA-Specific Bacterial Factors

Studies on an association between H. pylori-specific genes and IDA are limited. It
must be noted that expression profiles of genes related to iron metabolism can dynamically
change under both iron-replete and depleted conditions. Comparative proteomic analysis
suggests that particular H. pylori polymorphisms could promote IDA [79]. On the other
hand, it was also reported that variation of feoB or pfr gene is not implicated in IDA devel-
opment [13,80]. Besides these two genes, known genes related to iron uptake/regulation
such as fecA and fur, were not also involved in IDA pathogenesis [34].

Neutrophil-activating protein (NAP) stimulates neutrophil adherence to the gastric
mucosa and its activation, leading to a release of IL-12 and IL-23 that facilitate the Th-1
immune response [81,82]. It is reported that genetic polymorphisms in the napA gene may
be associated with the pathogenesis of IDA [83,84] (Figure 2). Recently, a high expression
of sabA gene in H. pylori has been reported to be associated with IDA in childhood and
adolescence [34]. Interestingly, as previously mentioned, this study also shows that vacA
may play a synergic role in the development of IDA. The sabA gene is highly divergent
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and regulated with complex mechanisms [62]. Although the SabA expression is thought
to enable rapid response to changing conditions in the stomach by switching the “on”
(functional) “off” (non-functional), its mechanism remains to be elucidated [62]. A higher
salt concentration induces a higher SabA transcription level [85]. As mentioned above,
SabA is an important adhesin and detectable in approximately 40% of H. pylori strains [67].
SabA has an ability of activating neutrophils through non-opsonic mechanism resulting in
damages of the gastric epithelial cells [70]. Sab A is associated with an increased risk of
atrophic gastritis and gastric cancer, although causative mechanisms to explain this disease-
related association remain controversial [65]. These facts lead to the recognition that sabA
gene is an important virulence factor in the development of childhood H. pylori-associated
diseases, including H. pylori-associated IDA.

3.4.3. Host Factors
Increased Iron Demands as Acquired Factors

It is well known that children, particularly during the first five years of life, are
at risk of IDA, which is mainly associated with an increased iron demand due to their
rapid growth [86]. H. pylori acquisition mainly occurs in infants and younger children
via oral–oral or fecal–oral routes. However, H. pylori-associated IDA rarely occurs in the
early years of life. A randomized control study reported that H. pylori is not a cause for
treatment failure of iron supplementation in children 2–5 years of age [17]. Contrarily,
H. pylori-associated IDA frequently occurs in school-aged children, suggesting that in-
creased iron demand due to growth spurt and/or participation in sports-related activities
is also important in the pathogenesis [9,25]. Choe et al. reported that increased daily
iron demand is important in H. pylori-associated IDA in adolescent female athletes [87].
However, sporting activity itself is reported to have no association to H. pylori-associated
IDA/ID, although the number of female adolescents studied is small [88]. Although both
pre-school and school-aged children have increased daily iron demand, H. pylori seems to
play some causal role for IDA development in the latter but not in the former. It is strongly
suggested that on underlying mechanisms of H. pylori-associated IDA, the infection itself is
a necessary condition but not the primary etiological agent.

Host Genetic Factors

Host immune response gene polymorphism affects the susceptibility to H. pylori
infection and the outcome of H. pylori-related disorders [42]. In one study of twins with
H. pylori infection [89], it was suggested that host genetic factors are important in the
development of ID or IDA. In a recent study [27], one sibling case with recurrent H. pylori-
associated IDA showed long-term resolution after successful eradication therapy.

Toll-like receptors (TLRs) belong to the large family of pattern recognition receptors
(PRRs) and are important in the innate immunity of the host [90]. Among the 10 types of
TLRs identified in humans [91], TLR2 and TLR4 on the gastric epithelial and immune cells
are both associated with recognition of LPS composing the cell wall of H. pylori, acting as a
primary defense against H. pylori [60,92]. However, it seems that TLRs, including these two
molecules can play opposite roles, either promotion or suppression of H. pylori infection
as innate immunity [90]. TLR5 initially plays some role for the recognition of H. pylori
flagellin, but this bacterium appears to develop mechanisms to escape such recognition
for the persistent infection [90]. Although this genetic variation may be advantageous for
some individuals, such variation may be less favorable outcomes for other ones that harbor
certain genotypes associated with excessive immune response [93]. The LPS recognition
receptor TLR4 has been shown to be associated with a higher risk of gastric cancer [90].
Thus, we believe that the roles of TLRs for H. pylori-associated IDA remain to be studied.

Host genetic factors that affect cytokines may determine differences in the susceptibil-
ity or risk of infected individuals to specific H. pylori-associated diseases [70]. It is reported
that various single-nucleotide polymorphisms (SNPs) of cytokines genes, such as tumor
necrosis factor (TNF)-α, IL-1β, and IL-10, are associated with the risk of precancerous
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gastric pathology, including atrophic gastritis and intestinal metaplasia [60], although
such an association remains controversial [70]. The allelic distribution of IL-1β is one of
the most popular candidate gene studied on H. pylori infection [59]. Polymorphism of
pro-inflammatory cytokine genes encoding IL-1, IL-8, IL-10, and TNF-α is associated with
increased risk of H. pylori-related gastric cancer and duodenal ulcer disease [58,94,95]. The
expression of IL-1β gene increases in H. pylori-infected children with ID [96] (Figure 2). A
study in Brazilian children has shown that high gastric levels of IL-1β can be the link be-
tween H. pylori infection and ID/IDA in childhood [41]. Increased concentration of gastric
IL-1β was an independent predictor for low blood concentration of ferritin and hemoglobin.
In a case–control study from Taiwan, it was reported that IL-1β gene polymorphism may
influence ID risk in H. pylori-infected children [42]. Pediatric patients with H. pylori gastritis
showed significantly lower levels of serum ferritin, prohepcidin, and IL-6 compared to
those with H. pylori-negative gastritis and the healthy control [97]. In this latter study,
however, H. pylori eradication therapy revealed no significant difference in serum ferritin,
prohepcidin, or IL-6 levels.

TNF-α is involved in persistent colonization with H. pylori in the stomach [98]. It has
been shown that specific TNF-α genotypes are at risk for duodenal ulcer and gastric cancer,
but other TNF-α genotypes have a protective function against cancer development [59].
TNF-α has no association with H. pylori-associated ID/IDA in children [41].

4. Clinical Management Strategies

Although H. pylori infection once established persists almost for the host life span,
an overwhelming majority of the infected persons remain clinically asymptomatic and
suffer no consequences related to their infection. Despite H. pylori infection being the
primary causative agent for gastric cancer, the microorganisms can produce detrimental
or beneficial effects [49]. In a recent systematic review and meta-analysis [99,100], there
is some evidence of an inverse association between atopy/allergic diseases and H. pylori
infection. On clinical strategies, it is very important to consider that universal eradication
of H. pylori may cause more harm than good for the host with the infection [49]. Pediatric
guidelines recommend against a test-and-treat strategy in asymptomatic children, even if
the purpose of the strategy is prophylaxis for of gastric cancer [6,7]. Such a consideration is
necessary especially for the management of this infection in children.

The Maastricht V/Florence Consensus Report has recommended H. pylori testing and
eradication therapy for patients with unexplained IDA [101]. On this recommendation,
however, the level of evidence is very low. Such a low evidence level suggests that the data
on H. pylori-associated IDA is insufficient, especially in the adult population. The American
Gastroenterological Association (AGA) technical review identified low-quality evidence
supporting H. pylori testing for patients with IDA [10]. This review has suggested the
causal role of H. pylori for IDA in the select population, in particular in children, although
the relationship is unclear in the majority of adult men and postmenopausal women [10].
In this issue, it has been indicated that two of three RTCs that met the inclusion criteria
were in the pediatric population. AGA clinical practice guidelines suggest noninvasive
H. pylori testing for patients with IDA without other identifiable etiology for bidirectional
endoscopy, followed by treatment if positive [102]. On the other hand, in the Houston
consensus conference [103], idiopathic thrombocytopenia was discussed regarding the
identification of appropriate patients for H. pylori testing but not IDA.

The updated North American and European joint pediatric guidelines suggest H. pylori
testing in children with refractory IDA in which other causes have been ruled out [6]. On
the other hand, these guidelines strongly recommend against diagnostic testing for H. pylori
infection as part of the initial investigation in children with IDA. Pediatric guidelines from
Japan recommend eradication therapy for H. pylori-infected children with IDA in whom
IDA is recurrent or refractory over iron supplementation therapy [7]. The level of evidence
for this recommendation from the Japanese guidelines is strong. In summary, “test-and-
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treat” strategy in H. pylori infection should be considered for children and adolescents with
recurrent or refractory IDA of unknown causes.

5. Perspectives

It is beyond doubt that increased iron demands play an important pathogenetic part
in H. pylori-associated IDA in children and adolescents. On the other hand, both bacterial
virulence and host genetic factors remain to be investigated. Definitive factors are also
still not identified on gastric carcinogenesis by H. pylori infection in adults. In any case, as
mentioned previously, physicians should keep H. pylori infection in mind as an important
differential diagnosis for children with recurrent or refractory IDA.

It is indicated that H. pylori is an important causative factor in the vicious cycle of
malnutrition and growth impairments [38], although the literature has many confounding
variables and H pylori infection is a marker of low economic status. These authors also
suggested that direct competition between H. pylori and the host for iron is an important
contributor to IDA. In Gambia, H. pylori colonization in early infancy predisposes the
child for subsequent development of malnutrition and growth faltering, although the
effect did not persist into later childhood [104]. Furthermore, decreased growth velocity
improved significantly over time once H. pylori eradication was successful in Colombian
children [105]. However, the relationship between H. pylori-associated ID/IDA and growth
impairment in the H. pylori-infected children, especially in developing countries, remains
to be further characterized. Clearly, further well-designed, population-based investigations
are needed on this issue.
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Abstract: Mucosa-associated lymphoid tissue (MALT) lymphoma, which was first reported in 1984,
shows an indolent clinical course. However, the detailed clinicopathological characteristics of gastric
MALT lymphoma have not been fully elucidated. We performed a literature search concerning the
clinical features and treatment for gastric MALT lymphoma using PubMED. MALT lymphomas
develop in single or multiple extranodal organs, of which the stomach is one of the most frequent
sites; gastric MALT lymphoma accounts for 7% to 9% of all B-cell lymphomas, and 40% to 50% of
primary gastric lymphomas. The eradication of Helicobacter pylori (H. pylori) is the first-line treatment
for patients with gastric MALT lymphoma, regardless of the clinical stage. Approximately 60–90% of
cases with stage I/II1 disease only achieve a complete histological response via H. pylori eradication.
In patients who do not respond to H. pylori eradication therapy, second-line treatments such as
watch-and-wait, radiotherapy, chemotherapy, rituximab immunotherapy, and/or a combination of
these are recommended. Thus, H. pylori plays a causative role in the pathogenesis of gastric MALT
lymphoma, and H. pylori eradication leads to complete histological remission in the majority of cases.

Keywords: gastric lymphoma; MALT lymphoma; Helicobacter pylori; radiotherapy; chemotherapy; rituximab

1. Introduction

Extranodal marginal zone lymphoma of mucosa-associated lymphoid tissue (MALT
lymphoma) was first described by Isaacson and Wright in 1984 [1]. They reported four
cases of MALT lymphoma, with one case each presenting in the stomach, salivary gland,
lung, and thyroid. MALT lymphoma is a low-grade non-Hodgkin’s lymphoma composed
of small- to medium-sized neoplastic B cells including marginal-zone centrocyte-like cells,
monocytoid cells, and scattered immunoblasts [2–9]. MALT lymphoma most frequently
develops within the stomach. In most cases of gastric MALT lymphoma, Helicobacter pylori
(H. pylori) is involved in the pathogenesis, and the eradication of H. pylori results in the
complete histological response of the lymphoma in 60–90% of patients [2–9]. In the present
article, the authors review the recent findings concerning the pathogenesis, diagnosis, and
treatment strategies for cases of gastric MALT lymphoma.

2. Epidemiology of Gastric MALT Lymphoma

Primary gastric lymphoma (PGL) is the most frequent extranodal non-Hodgkin’s
lymphoma, comprising 30–40% of all extranodal lymphomas. Among the 676 cases of
primary gastrointestinal lymphoma treated at our institution [10,11], the most commonly
affected site was the stomach (456 cases (67%)), followed by the small and large bowels
(183 cases; (27%)). The remaining 37 cases (5%) had lymphomas in both the stomach and
intestines. The most frequent histologic type of gastric lymphoma was MALT lymphoma
(226 cases (51%)), followed by diffuse large B-cell lymphoma (DLBCL) (170 cases (39%)).

Gastric MALT lymphoma comprises 7–9% of all B-cell lymphomas, 3–6% of all malig-
nant neoplasms in the stomach, and 40–50% of all PGLs [2–5,10–14]. While gastric MALT
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lymphoma is relatively rare, its incidence has been increasing over the past 20–30 years. In a
nationwide survey using the Dutch nationwide histopathology registry (PALGA), Capelle
et al. identified 1419 newly diagnosed cases of gastric MALT lymphoma over a 16-year pe-
riod [15]. In addition, they and other authors reported an increased risk for the metachronous
development of gastric adenocarcinoma after gastric MALT lymphoma [15,16].

3. Pathogenesis of Gastric MALT Lymphoma

3.1. Helicobacter pylori

The etiological association of H. pylori with gastric MALT lymphoma was first reported
by Wotherspoon et al. in 1991 [4]. Thereafter, several clinical and histopathologic studies
showing a definite association between H. pylori infection and gastric MALT lymphoma
were confirmed [1–7].

Approximately 80–90% of patients with gastric MALT lymphoma are infected with
H. pylori, and 60–80% of those cases achieve remission via H. pylori eradication alone [5–9].
In H. pylori-dependent cases, the growth of lymphoma cells is driven by H. pylori-generated
immune responses that include signaling from CD40 and CD86 through the aid of bystander
T-cells [2,3]. In addition, a proliferation-inducing ligand (APRIL), which is a member of
the tumor necrosis factor (TNF) superfamily and is produced by eosinophils in H. pylori-
infected gastric mucosa, promotes the survival and proliferation of neoplastic B cells [17,18].
Interestingly, H. pylori eradication therapy is not only effective in H. pylori-positive cases
but also in H. pylori-negative cases. In our experience, the complete remission (CR) rate
of MALT lymphoma after H. pylori eradication therapy was 75% among H. pylori-positive
cases, while it was 29% among H. pylori-negative cases [13,14].

It should be noted that t(11;18)(q21;q21)/BIRC3-MALT1 translocation is frequent
(53% or 60%) in H. pylori-negative gastric MALT lymphomas [19–22]. Recently, Tanaka
et al. obtained gastric mucosal biopsy specimens from H. pylori-negative gastric MALT
lymphoma patients and from control participants without H. pylori infection or cancer
and studied their mucosal microbiota by performing 16S rRNA gene sequencing. They
found that the H. pylori-negative gastric MALT lymphoma patients showed lower alpha
diversity than the control participants (p = 0.04) [23]. A comparison concerning the pa-
tients’ beta diversity revealed that there were significant differences in the microbes that
were present in the gastric mucosa between the two groups (p = 0.04). They concluded
that H. pylori-negative gastric MALT lymphoma cases exhibited altered gastric mucosal
microbial compositions, and such altered microbiota might be involved in the pathogenesis
of H. pylori-negative gastric MALT lymphoma [23].

In addition, patients with gastric MALT lymphoma have an increased risk of the
metachronous development of gastric adenocarcinoma [15,16]. Palmela et al. reported that
the relative risk (RR) for gastric adenocarcinoma among patients who had gastric MALT
lymphoma was 4.32 (95% CI 2.64–6.67) compared to the American population. The median
latency time was 5 years, and the risk was maintained thereafter [RR 4.92, 95% confidence
interval (CI) 2.45–8.79] [16].

3.2. Genetic Aberrations

Genetically, MALT lymphoma is associated with the following four chromosomal translo-
cations: t(11;18)(q21;q21)/BIRC3-MALT1, t(1;14)(q22;q32)/BCL10-IGH, t(14;18)(q32;q21)/
IGH-MALT1, and t(3;14)(q31;q32)/FOXP1-IGH [2,3,11,19–22]. Especially in MALT lym-
phomas with t(11;18)(q21;q21)/BIRC3-MALT1, the resulting BIRC3-MALT1 fusion product
forms self-oligomers via a non-homotypic interaction mediated by the BIRC3 moiety, lead-
ing to constitutive nuclear factor kappa B (NF-κB) activation. These oncogenic products are
most likely synergic with both innate and acquired immune stimulations with respect to
the activation of the NF-κB pathway [18–26].

All four above-mentioned translocations are considered to exert their oncogenic ac-
tivities alongside the constitutive activation of the NF-κB pathway, which leads to the
expression of several genes for cell survival and proliferation [24–28]. Among these translo-

108



J. Clin. Med. 2023, 12, 120

cations, t(11;18)(q21;q21)/BIRC3-MALT1 is the most frequent, and is detected in 15–30%
of all cases of gastric MALT lymphomas. The translocation fuses the N-terminal region of
BIRC3 to the C-terminal region of MALT1, generating a functional chimeric fusion protein
that gains the ability to activate the NF-κB pathway [25–27]. The t(11;18) (q21;q21)/BIRC3-
MALT1 translocation is frequently associated with the absence of H. pylori, and cases that are
positive for this translocation do not respond to H. pylori eradication [19–22]. Interestingly,
t(11;18)(q21;q21)-positive MALT lymphomas occasionally transform into DLBCL [20,21].

The TNF-α-induced protein 3 gene (TNFAIP3, A20), which was identified as the target of
6q23 deletion in MALT lymphoma, is an important inhibitor of NF-κB [27]. Mutations or deletions
of A20 that lead to A20 protein inactivation are frequent in MALT lymphomas of the ocular adnexa,
salivary glands, thyroid, and liver. A20-mediated oncogenic activities in MALT lymphoma depend
on NF-κB activation triggered by TNF-α or other unidentified molecules [25–27].

4. Diagnosis of Gastric MALT Lymphoma

4.1. Endoscopic/Macroscopic Findings

To date, a standard endoscopic or macroscopic classification system for PGLs has not
been established. In Western nations, PGLs are macroscopically classified as either ulcera-
tive (34–69%), mass/polypoid (26–35%), diffuse-infiltrating (15–40%), or other types [6,7,28].
In our institute, PGLs have been classified as either superficial (41%), mass-forming (43%),
diffuse-infiltrating (6%), or other types (10%). Figure 1 shows conventional and magni-
fied endoscopic findings of superficial-type gastric MALT lymphomas. In Figure 1, the
upper three photos show conventional endoscopic images, while the lower three photos
are magnified endoscopic images that show a characteristic tree-like appearance (TLA)
with amorphous, whitish areas. Superficial-type gastric MALT lymphoma is sometimes
misdiagnosed as depressed-type early gastric cancer [6,11]. In an article by Lee et al., endo-
scopic findings of 122 cases of gastric MALT lymphoma were classified as either polypoid
(n = 18, 15%), ulceration (n = 43, 35%), or diffuse infiltration (n = 61, 50%) types [28].

   

   
(a) (b) (c) 

Figure 1. Endoscopic findings of superficial-type gastric MALT lymphomas in three patients (from
author’s original research). The upper three photos are conventional endoscopic images and lower
three photos are magnified endoscopic images showing a characteristic tree-like appearance with
whitish, amorphous areas. (a) Patient 1, (b) Patient 2, and (c) Patient 3.
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4.2. Histopathology of Gastric MALT Lymphomas

A definite diagnosis of gastric MALT lymphoma is made based on the histopathologic
criteria of the World Health Organization (WHO) classification system [2,3], the Consensus
report of the European Gastro-Intestinal Lymphoma Study (EGILS) group [29], and the Na-
tional Comprehensive Cancer Network (NCCN) guidelines [30]. Histologically, the diffuse
infiltrate of atypical neoplastic lymphoid cells (centrocyte-like cells) around reactive follicles
showing a marginal-zone growth pattern, which often infiltrate into gastric glands causing
the destruction of epithelial cells (lymphoepithelial lesions (LELs), Figure 2), is observed in
gastric MALT lymphomas [1–4]. MALT lymphoma cells immunohistochemically exhibit
CD20+, CD79a+, CD5-, CD10-, CD23-, CD43+/-, and cyclin D1-. However, when large
lymphoma cells are present in a solid or sheet pattern, a diagnosis of DLBCL should be
made [6,7,10,11]. DLBCL usually shows high Ki-67 expression upon immunohistochemical
staining [6,19,20]. The histologic diagnosis of gastric lymphomas should be confirmed by
an expert hematopathologist [1–3].

 

Figure 2. Histological features of gastric MALT lymphoma (H&E; X400). Diffuse infiltrate of small-
to medium-sized atypical neoplastic lymphoid cells (centrocyte-like cells) around reactive follicles
with a marginal zone growth pattern is shown. Lymphoepithelial lesions (LELs) (blue arrows) are
also shown.

The histological features of MALT lymphoma are occasionally similar to those of
reactive inflammatory conditions such as H. pylori-related chronic gastritis. Histologically,
MALT lymphoma can be distinguished from gastritis based on the presence of a dense
infiltrate of monotonous B-cells extending away from lymphoid follicles, the cytologic
atypia of lymphoid cells, Dutcher bodies, and LELs in MALT lymphomas [2,3]. The
Wotherspoon score is used to make a confident histologic diagnosis of gastric MALT
lymphoma on examination of biopsy specimens (Table 1) [4].

Table 1. Histologic scoring system for the diagnosis of gastric MALT lymphoma (Wotherspoon score) [4].

Grade Description Histologic Features

0 Normal Scattered plasma cells in mucosa; no lymphoid follicles.

1 Chronic active gastritis Small clusters of lymphocytes in mucosa; no lymphoid follicles; no
lymphoepithelial lesions.

2 Chronic active gastritis with
florid lymphoid follicle formation

Prominent lymphoid follicles with surrounding mantle zone and
plasma cells; no lymphoepithelial lesions.
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Table 1. Cont.

Grade Description Histologic Features

3 Suspicious lymphoid infiltrate in
mucosa, probably reactive

Lymphoid follicles surrounded by small lymphocytes that have
infiltrated diffusely in the mucosa and occasionally into epithelium.

4 Suspicious lymphoid infiltrate in
mucosa, probably lymphoma

Lymphoid follicles surrounded by centrocyte-like cells that have
infiltrated diffusely in the mucosa and epithelium in small groups.

5 MALT lymphoma Presence of dense diffuse infiltrate of centrocyte-like cells in the
mucosa with prominent lymphoepithelial lesions.

For the diagnosis of gastrointestinal MALT lymphoma, a minimum of 10 biopsy
samples should be taken, and not only from visible lesions, but also from endoscopically
normal-appearing mucosa, according to the Consensus report of the EGILS group [29].
The detection of immunoglobulin light chain (κ or λ) restriction by immunohistochemistry
or in situ hybridization, and analyses for clonality of the rearranged immunoglobulin
genes by polymerase chain reaction (PCR), may help diagnose B-cell lymphoma [2,3].
Cytogenetic analyses using G-banding, reverse-transcription polymerase chain reaction (RT-
PCR), and/or fluorescence in situ hybridization (FISH) to detect t(11;18) (q21;q21)/BIRC3-
MALT1 and/or other specific chromosomal translocations can be performed to confirm the
certain diagnosis of MALT lymphoma [2,3,19–22].

4.3. Clinical Staging

Clinical staging is essential for determining the management strategy for PGLs. In
general, the Lugano International Conference (Blackledge) classification system (I, II1, II2,
IIE, or IV, Table 2) [30] and/or the Ann-Arbor staging system with its modifications by
Musschoff and Radaszkiewicz (I1E, I2E, II1E, II2E, IIIE, or IV) are used for patients with
gastrointestinal lymphomas. Recently, the EGILS Consensus report and the European
Society of Medical Oncology (ESMO) guidelines recommended the Paris Classification
system, which is a modification of the TNM system including the degree of the spread
of lymphoma as assessed by endoscopic ultrasound (EUS) [29]. In our institute, we have
combined the Lugano system and Paris system, as shown in our original Table 2. Esoph-
agogastroduodenoscopy (EGD) with or without multiple biopsies, ileocolonoscopy, and
balloon-assisted enteroscopy (BAE) are useful for detecting possible gastrointestinal lesions
of lymphomas during a follow-up. In addition, computed tomography (CT) of the chest,
abdomen, and pelvis, as well as fluorine-18 [18F] fluoro-deoxyglucose positron-emission
tomography (FDG-PET), should be considered [31].

Table 2. Lugano and Paris staging systems for gastrointestinal lymphomas [29,30].

Stage Lugano System Paris System Tumor Extension

I
Tumor confined to GI tract (single, primary

site or multiple, noncontiguous lesions)

T1m N0 M0 Mucosa
T1sm N0 M0 Submucosa

T2 N0 M0 Muscularis propria
T3 N0 M0 Serosa

II Tumor extending into abdomen NA NA

II1 Local nodal involvement T1–3 N1 M0 Perigastric lymph nodes

II2 Distant nodal involvement T1–3 N2 M0 More distant regional lymph nodes

IIE Perforation of serosa to involve adjacent
organs or tissues T4 N0–2 M0 Invasion of adjacent structures with or without

invasion of abdominal lymph nodes

IV
Disseminated extranodal involvement or
concomitant supradiaphragmatic nodal

involvement

T1–4 N3 M0 Extra-abdominal lymph nodes
T1–4 N0–3 M1 and/or additional distant GI/non-GI sites
T1–4 N0–3 M2 BM not assessed

T1–4 N0–3 M0–2 BX BM not involved
T1–4 N0–3 M2 B1 BM involvement

BM: bone marrow; GI: gastrointestinal; NA: not available.
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Cohen et al. performed an analysis of 66 patients with MALT lymphoma to assess
the usefulness of FDG-PET. They found that all extranodal lesions of MALT lymphoma
located in subcutaneous tissues, breasts, lungs, and liver were detected by FDG-PET [31].
However, only 26.3% of the lesions located in the stomach and 28.6% of the lesions located
in the intestinal tract were detected by FDG-PET. They evaluated the predictive value of
PET in the patients and found that increased 18F-FDG-uptake in extranodal lesions was
associated with disease progression [31]. The gastrointestinal tract has high/heterogeneous
physiologic 18F-FDG-uptake. They concluded that the detection rate of extranodal MALT
lymphoma lesions located in tissues with low and/or homogenous physiologic [18F]FDG-
uptake is excellent using [18F]FDG-PET-CT.

5. Treatments for Gastric MALT Lymphoma

5.1. Helicobacter pylori Eradication

The first-line therapy for all patients with gastric MALT lymphoma is H. pylori eradi-
cation, regardless of the clinical stage [5–9,11–14,29,30,32–42]. H. pylori eradication therapy
consisting of a proton-pump inhibitor, the administration of amoxicillin, and either clar-
ithromycin or metronidazole administration for 7 days has been recommended in Japan.
The histopathologic evaluation of post-treatment biopsy specimens is conducted based on
the Groupe d’Etude des Lymphomes de l’Adulte (GELA) grading system (Table 3 [29]),
because the Wotherspoon score (Table 1), which is applied for the initial diagnosis, is no
longer adequate for assessing the response to treatment during follow-up [29,42]. Among
patients with stage I/II1 disease, H. pylori eradication therapy resulted in complete his-
tologic response (ChR) in 60–90% of cases [5,7–13,32,33,35–41]. However, it should be
noted that antibiotic resistance has been the critical factor responsible for treatment failure.
In particular, a recent increase in clarithromycin resistance induces treatment failure in
H. pylori eradication in a considerable number of infected patients.

Table 3. GELA histologic grading system for post-treatment evaluation of gastric MALT lymphoma [29].

Score Lymphoid Infiltrate LEL Stromal Changes Clinical Significance

Complete histologic
response (ChR)

Absent or scattered
plasma cells and small
lymphoid cells in LP

Absent Normal or empty LP
and/or fibrosis Complete remission

Probable minimal residual
disease (pMRD)

Aggregates of lymphoid
cells or lymphoid nodules

in LP/MM and/or SM
Absent Empty LP and/or fibrosis Complete remission

Responding residual
disease (rRD)

Dense, diffuse, or nodular,
extending around glands

in LP
Focal or absent Focal empty LP

and/or absent Partial remission

No change (NC) Dense, diffuse, or nodular Present, may be absent No changes Stable or progressive disease

GELA: Groupe d’Etude des Lymphomes de l’Adulte; LEL: lymphoepithelial lesion; LP: lamina propria;
MALT: mucosa-associated lymphoid tissue; MM: muscularis mucosae; SM: submucosa.

In a systematic review of 32 published clinical studies including 1408 patients with
gastric MALT lymphoma by Zullo et al., the CR rate after H. pylori eradication therapy was
78% [33]. The factors associated with resistance to H. pylori eradication therapy included
the absence of an H. pylori infection, an advanced clinical stage, a proximal location of the
lymphoma in the stomach, an endoscopic non-superficial type, deep invasion in the gastric
wall, and t(11;18)/BIRC3-MALT1 translocation [11,12,19–22,25–28,30,31,33–37,40–45]. In
addition, Zullo et al. [34] also performed a pooled-data analysis of 315 patients who
did not respond to H. pylori eradication therapy. The most frequent second-line therapy
was radiotherapy (112 patients), followed by surgery (80 patients) and chemotherapy
(68 patients). The patients who underwent radiotherapy had a similar remission rate as
those who underwent surgical resection (97% vs. 93%; p = 0.2) and a significantly higher
remission rate than those who underwent chemotherapy (97% vs. 85%; p = 0.007).
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We conducted a retrospective multicenter study of 420 Japanese patients with gas-
tric MALT lymphoma to assess the long-term clinical outcome after successful H. pylori
eradication [36]. As a result, CR was achieved in 77% (323/420) of patients solely via
H. pylori eradication. During the follow-up period (mean 6.5 years and median 6.04 years),
treatment failure was seen in only 37 patients (9%) (relapse in 10 of 323 responders; progres-
sive disease (PD) in 27 of 97 non-responders). The long-term prognosis was excellent; the
probabilities of freedom from treatment failure, overall survival, and event-free survival
after 10 years were 90%, 95%, and 86%, respectively. In addition, we performed another
literature review of 32 published articles regarding the efficacy of H. pylori eradication
in gastric MALT lymphoma cases in our same paper [36], which revealed that H. pylori
eradication therapy led to CR of gastric MALT lymphoma in 1793 (73%) of 2451 patients.

Subsequently, we performed a prospective multicenter study to evaluate the clinical
efficacy of H. pylori eradication therapy in 108 Japanese patients with H. pylori-infected
gastric MALT lymphoma in 34 hospitals (December 2010–February 2016) [45]. As a result,
the CR of lymphoma was achieved in 84 (87%) of the 97 patients (11 patients dropped
out of the study). Second-line treatments (radiotherapy, rituximab, or gastrectomy) were
needed for 10 (10%) of the 97 patients. During the follow-up period (2–45 months; median
5.3 months), three patients died of causes unrelated to lymphoma. The overall survival
probability was 97%.

5.2. Treatment Strategies for Patients with Gastric MALT Lymphoma Who Do Not Respond to
Helicobacter pylori Eradication

There is no consensus on the treatment strategy for patients with gastric MALT lym-
phoma who do not respond to H. pylori eradication therapy. While patients with PD or
a clinically evident relapse can undergo oncologic treatment, for patients with persistent
histologic lymphoma without PD (responding residual disease (rRD) or no change (NC)), a
“watch-and-wait” strategy is recommended for up to 24 months after H. pylori eradication
therapy. Thereafter, the decision of whether to continue the “watch-and-wait” strategy or
to start oncologic treatment is made on a case-by-case basis [11,37].

As for the second-line oncologic treatment, radiotherapy, immunotherapy (e.g., ritux-
imab), and/or chemotherapy are recommended. While radiotherapy and chemotherapy
both have a curative potential in localized (stage I/II1) gastric MALT lymphoma, radiother-
apy (30–40 Gy/15–20 fractions) is generally preferred and is highly effective (response rate
of 93–100%) [43,44].

Chemotherapy and/or rituximab immunotherapy are also effective, and these systemic
treatments are suitable for cases with histologic transformation into DLBCL, cases with dissem-
inated disease, and those with advanced stages [46,47]. Although rituximab plus cyclophos-
phamide, doxorubicin, vincristine, and prednisolone (R-CHOP) chemotherapy is relatively
toxic for indolent MALT lymphoma, the rituximab plus cyclophosphamide, vincristine, and
prednisolone (R-COP) regimen seems to be well-tolerated and effective [45,48–50].

Oral alkylating agents, such as cyclophosphamide or chlorambucil, employed as a
sole treatment are also well-tolerated and effective, and resulted in CR in 75% of patients,
although relapse was observed in 28% of patients [27,41]. Recently, the combination of
rituximab and chlorambucil [48], fludarabine [49], and bendamustine [50,51] provided
excellent responses in patients with MALT lymphoma of various organs, including gastric
MALT lymphoma cases.

In summary, the treatment strategies for patients with gastric MALT lymphoma should
be based on the modified version of the ESMO guidelines [29,43,47,51]. For all patients in
stages I1–IIE, H. pylori eradication should be the first-line treatment. In patients with stage
IV, H. pylori eradication also should be performed if the infection is present.

6. Risk for Other Malignancies

It has been reported that patients with gastric MALT lymphoma had a higher risk of
synchronous and/or metachronous gastric cancers than healthy control subjects [15,16]. In
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a Dutch epidemiological study covering the period from 1991–2006 by Capelle et al. [15],
new gastric cancers developed in 34 (2.4%) of 1419 patients with gastric MALT lymphoma.
The risk of gastric cancer was 16.6 times higher in patients with gastric MALT lymphoma
aged 45–59 years than in the Dutch population (p < 0.001). They concluded that the risk of
gastric cancer in patients with gastric MALT lymphoma is six times higher than that in the
Dutch population and recommended that patients with gastric MALT lymphoma should
be monitored in thorough follow-ups.

In a US population-based study (National Cancer Institute Surveillance, Epidemiology
and End Results 13 (SEER) database 1992–2012), Palmela et al. [16] reported that gastric
cancer developed in 20 (0.91%) of 2195 patients with gastric MALT lymphoma, with a
relative risk of 4.32 (95% CI 2.64–6.67) compared to the rest of the American population.
They concluded that gastric MALT lymphoma is associated with an increased risk of
metachronous gastric adenocarcinoma. It should be noted that the risk for gastric cancer
was still present beyond 5 years of follow-up [16].

7. Discussion

In 1984, Isaacson and Wright reported the first four cases of MALT lymphoma, with
one case each arising in the stomach, salivary gland, lung, and thyroid, which was pub-
lished in the international medical journal Cancer [1]. Since then, a large number of clinical
studies on the diagnosis and treatment of gastric MALT lymphoma have been published.
In 1993, Wotherspoon et al. first reported that H. pylori eradication with antibiotic treatment
resulted in the complete histological regression of gastric MALT lymphoma in five of six
H. pylori-infected gastric MALT lymphoma patients [5]. It has been established that H. pylori
eradication is the first-line treatment for gastric MALT lymphomas. A meta-analysis by
Zullo et al. concerning 1408 patients with gastric MALT lymphoma from 32 published
studies revealed that after H. pylori eradication, 1091 patients (77%) achieved CR, while
43 patients (1.7%) developed progressive disease (PD) and 78 patients (3.1%) experienced a
relapse [34]. Thus, treatment failure occurred in only 121 (8.6%) of the 1408 patients.

We performed another meta-analysis of 2451 patients with gastric MALT lymphoma
who underwent H. pylori eradication therapy from 32 published studies [37]. As a result,
1793 patients (73%) achieved CR after H. pylori eradication. Forty-three patients (1.8%)
developed PD, while seventy-eight patients (3.2%) suffered a relapse. Thus, only 121 (4.9%)
of the 2451 patients experienced treatment failure.

While H. pylori eradication therapy is widely accepted as the first-line treatment of
gastric MALT lymphoma, the National Comprehensive Cancer Network (NCCN) [30] and
ESMO [31,43] guidelines slightly differ regarding which patients should receive antibiotic
treatment. NCCN considers H. pylori eradication as the first-line therapy of choice for those
with early stage lymphoma (Lugano I1, I2, or II1), an H. pylori-positive status, and concomitant
negativity or unknown status of t(11;18) translocation [30]. Conversely, the ESMO guidelines
recommend H. pylori eradication therapy for all patients with gastric MALT lymphoma
regardless of the stage, translocation status, and H. pylori positivity [31,43].

The role of eradication therapy in H. pylori-negative MALT lymphoma remains con-
troversial. Since H. pylori-negative MALT lymphoma is increasing worldwide, we should
discuss it more deeply. Xie et al. [44] performed a meta-analysis regarding the efficacy of
modified eradication therapy for H. pylori-negative gastric MALT lymphoma concerning
14 studies with 148 patients. As a result, the overall response rate was 0.38 (95% confidence
interval (CI): 0.29–0.47). They concluded that their modified H. pylori eradication therapy is
also effective for patients with H. pylori-negative MALT lymphoma.

For patients with gastric MALT lymphoma who do not respond to H. pylori eradication
therapy and who do not develop PD, a “watch-and-wait” strategy without additional treat-
ment may be adopted. We previously reported that the watch-and-wait strategy resulted in
no change in 20% of non-responders with gastric MALT lymphoma after eradication ther-
apy [35]. In addition, more than half of the relapsed cases with gastric MALT lymphoma
under the watch-and-wait strategy achieved CR. Thus, we recommend the watch-and-
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wait strategy for asymptomatic non-responders with early-stage gastric MALT lymphoma.
When the clinical stage of patients progresses during the follow-up period, medical treat-
ments including H. pylori eradication with or without oncological treatment should be
considered. Continuous single-agent chemotherapy with cyclophosphamide or chloram-
bucil has been useful as a monotherapy [11,41]. However, patients with t(11;18)(q21;q21)
translocation may not respond to oral single- or multi-agent immuno/chemotherapy such
as rituximab, cladribine, and others.

Non-responders to H. pylori eradication therapy have been reported to comprise 17–61%
of patients with gastric MALT lymphoma [7–9,27,28,48]. As a second-line treatment for such
non-responders, radiotherapy (RT) and/or imuno- or chemotherapy should be recommended.
Of these, RT at a moderate dose (total 30–36 Gy) is highly effective, although it has been
associated with rare acute or late toxicity [51]. Yahalom et al. treated 178 patients with
H. pylori-independent gastric MALT lymphoma with RT with a median dose of 30 Gy over
20 fractions; consequently, 95% of the patients achieved a complete histologic response [44].

8. Conclusions

Nowadays, H. pylori eradication therapy is widely accepted as the first-line treatment
for patients with gastric MALT lymphoma. To date, a large number of patients with
gastric MALT lymphoma have been successfully treated with H. pylori eradication therapy.
However, there is no consensus regarding the treatment strategies for patients with gastric
MALT lymphoma who do not respond to H. pylori eradication therapy. In these patients,
second-line treatments including a “watch-and-wait” strategy, radiotherapy, chemotherapy,
rituximab immunotherapy, or a combination of these should be tailored in consideration of
the extent of lymphoma and the clinical stage in each patient.

It is of interest that gastric MALT lymphoma is the only malignancy for which antibi-
otics are the first choice of treatment with a curative intent [11,41]. Despite recent advances
in our understanding of the pathogenesis of gastric MALT lymphoma, there are many
unanswered questions. Thus, further clinicopathological and molecular research studies
are necessary in order to clarify the detailed mechanisms in the development of gastric
MALT lymphoma and the long-term clinical course of patients with said disease.
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Abstract: Vonoprazan (VPZ) inhibits gastric acid secretion more potently than proton pump inhibitors.
Recently, attention has been focused on the dual therapy with VPZ and amoxicillin (AMOX) for
the eradication of H. pylori. The dual VPZ/AMOX therapy attains the sufficient eradication rate
with lowering the risk of adverse events in comparison with the triple therapy and quadruple
therapy. Therefore, the dual VPZ/AMOX therapy is considered a useful eradication regimen for H.
pylori infection.

Keywords: H. pylori; dual therapy; vonoprazan (VPZ); amoxicillin (AMOX); clarithromycin (CAM)

1. Introduction

One of the first-line eradication regimens for H. pylori has long been a triple therapy
with proton pump inhibitor (PPI), amoxicillin (AMOX), and clarithromycin (CAM). How-
ever, with the recent increase in CAM-resistant strains of H. pylori, the eradication rates
of PPI/AMOX/CAM therapy have been declining [1], which is a global problem. The re-
ported incidences of CAM-resistance strains of H. pylori are approximately 25–32% [2–4]. In
addition, since the effects of PPIs are influenced by the genetic polymorphism of CYP2C19,
which is the main metabolic enzyme of PPIs, it has been pointed out that the eradication
rates in the CYP2C19 extensive metabolizers are lower in comparison with other metab-
olizers [5,6]. In order to recover the eradication rates of the first-line eradication therapy,
bismuth or non-bismuth quadruple therapies are being used, which are recommended
especially in areas with high CAM-resistance rates [7]. Although the eradication rates of
quadruple therapy are high, multiple drugs must be taken and the frequency of side effects
is high.

There have been some reports of dual therapy with PPIs and AMOX as listed in
Table 1 [5,8–25]. Originally, eradication therapy for H. pylori started with classical triple
therapy followed by the dual therapy. However, the eradication rates of the dual therapy
have varied as shown in Table 1. After the triple therapy for 1 week was developed [14], the
dual therapy with PPI and AMOX was no longer the main therapy for H. pylori infection.

Vonoprazan (VPZ) has been clinically available since 2015. VPZ inhibits gastric acid
secretion more potently than PPIs [26]. The eradication rate of the triple therapy with
VPZ 20 mg bid, CAM 200 mg bid, and AMOX 750 mg bid was reported 92.6%, which was
significantly higher than that of the triple therapy with lansoprazole 30 mg and the same
doses of CAM and AMOX [27]. Interestingly, in this report, the eradication rate by the
triple therapy with VPZ, CAM, and AMOX in patients infected with CAM-resistant strains
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of H. pylori was 82.0%, suggesting that the dual therapy with VPZ and AMOX for 1 week
can attain the eradication rate higher than 80.0%. Then, the attention has recently been
focused on the dual therapy with VPZ and AMOX.

Table 1. Lists of reports of dual therapy with PPI and AMOX.

Author Year
Dosing Scheme

of AMOX
Dosing Scheme of PPI Duration n

Eradication
Rate (%) (ITT)

Furuta [8] 2001 500 mg qid RPZ 10 mg qid 14 days 17 100.0%
Tai [9] 2019 750 mg qid EPZ 40 mg tid 14 days 120 91.7%
Shirai [10] 2007 500 mg qid RPZ 10 mg qid 14 days 66 90.9%
Bayerdorffer [11] 1995 750 mg tid OPZ 40 mg tid 14 days 139 90.6%
Furuta [12] 2010 500 mg qid RPZ 10 mg qid 14 days 49 87.8%
Miehlke [13] 2003 750 mg qid OPZ 40 mg qid 14 days 38 83.8%
Furuta [5] 2001 500 mg tid RPZ 10 mg bid 14 days 97 81.4%
Schwartz [14] 1998 1000 mg tid LPZ 30 mg tid 14 days 51 77%
Miehlke [15] 2006 1000 mg tid OPZ 40 mg tid 14 days 72 70%
Miyoshi [16] 2001 500 mg tid OPZ 20 mg bid 14 days 98 66.3%
Nishizawa [17] 2012 500 mg qid RPZ 10 mg qid 14 days 46 63.0%
Moiyoshi [16] 2001 500 mg tid RPZ 10 mg tid 14 days 101 62.4%
Isomoto [18] 2003 1000 mg bid RPZ 20 mg bid 14 days 63 59%
Wong [19] 2000 1000 mg bid LPZ 30 mg bid 14 days 75 57%
Attumi [20] 2014 1000 mg bid Dexlansoprazole 120 mg bid 14 days 13 53.8%
Schwartz [14] 1998 1000 mg tid LPZ 30 mg bid 14 days 49 53%
Koizumi [21] 1998 500 mg tid OPZ 20 mg qd 14 days 25 52%
Furuta [22] 1998 500 mg qid OPZ 20 mg qd 14 days 62 50%
Bell [23] 1995 500 mg tid OPZ 40 mg qd 14 days 60 46%
Cottrill [24] 1997 1000 mg bid OPZ 40 mg qd 14 days 85 44%
Kagaya [25] 2000 750 mg bid LPZ 30 mg qd 14 days 24 43%

Abbreviations: PPI = proton pump inhibitor, EPZ = esomeprazole, LPZ = lansoprazole, OPZ = omeprazole,
RPZ = rabeprazole, qd = once daily, bid = twice daily, tid = three times daily qid = four times daily.

2. Gastric Acid Secretion Required for the Dual Therapy with Amoxicillin

AMOX exerts its antibacterial action by binding to penicillin-binding protein (PBP)
and inhibiting the synthesis of bacterial cell wall. According to a report examining the
relationship between PBP expression in H. pylori and pH, H. pylori does not proliferate and
PBP expression is low at around pH 3.0 [28]. However, at pH 7.4, H. pylori proliferates
vigorously and the expression of PBP also increases, indicating that the number of targets
of AMOX increases, and it is thought that AMOX becomes more effective. In addition,
inhibition of gastric acid secretion leads to stabilization of antibacterial drugs in the stomach
and increases their concentration in gastric juice [29], which greatly contributes to the
success of eradication.

There is a report examining the relationship among the success or failure of eradication
by triple therapy, CAM-resistance of H. pylori and intragastric pH [30]. When the mean
24-h intragastric pH is less than 4.5 and when the percent time for intragastric pH < 4.0 is
longer than 40%, eradication will fail even if H. pylori strain is sensitive to CAM (Figure 1
blue area). In contrast, when the mean 24-h intragastric pH exceeds 5, CAM-susceptible
bacteria can be successfully eradicated (Figure 1 yellow area). Interestingly, if the mean
24-h intragastric pH in the stomach is higher than 6.5 and the percent time for intragastric
pH < 4.0 is 5% or less (pink part in Figure 1), in other words, if the pH 4 holding time
ratio (pH 4 HTR) is 95% or more and if the mean 24 h intragastric pH is no less than 6.5,
CAM-resistant strains can be eradicated. Therefore, it is suggested that eradication of H.
pylori can be attained by a single antibiotic, such as AMOX, when the intragastric pH is
strictly controlled to be neutral.
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Figure 1. Relationship of success or failure of eradication of H. pylori by the triple therapy with PPI,
amoxicillin, and clarithromycin (CAM) with CAM-resistance, 24 h intragastric pH, and percent time
for intragastric pH < 4.0. When the mean intragastric pH is less than 4.5 and the percent time for
intragastric pH < 4.0 was longer than 40% (blue area), eradication of H. pylori fails in patients infected
with not only CAM-resistant strains (�) but also CAM-sensitive strains (×) of H. pylori. When 24 h
intragastric pH is higher than 5.0 (yellow area), eradication of H. pylori succeeds for CAM-sensitive
strains (�) of H. pylori. When the mean intragastric pH is no less than 6.5 and the percent time for
intragastric pH < 4.0 is less than 5% (pink area), eradication of H. pylori succeeds in patients infected
with CAM-resistant strains (∇) as well as CAM-sensitive strains (�) of H. pylori. Modified [30].

The relationship between dosing schemes of PPI and eradication rates of the dual
therapies with PPI and AMOX listed in Table 1 is plotted in Figure 2. As the dosing
frequency of PPI increases, the eradication rates increase. Because the acid inhibitory effect
of PPI is enhanced by the divided dosing [31], the eradication rates with dual therapy with
PPI and AMOX increase with the grade of acid inhibition.

Kagami et al. [32] compared the acid inhibitory effects of VPZ and EPZ and found
that 95% of pH 4 HTR could be achieved by VPZ 20 mg once daily and that 100.0% of pH 4
HTR and 6.8 of the mean 24 h intragastric pH could be attained by VPZ 20 mg twice daily,
but not EPZ (Figure 3). Moreover, the acid inhibitory action of VPZ was not influenced by
CYP2C19 polymorphism, meaning that the gastric acid inhibition required for eradication
of the H. pylori by the dual therapy with AMOX can be achieved by VPZ 20 mg twice a day
irrespective of CYP2C19 polymorphism.
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Figure 2. Plots of the eradication rates of studies of dual therapy with PPI and amoxicillin as a
function of dosing schemes of PPI listed in Table 1. Eradication rates of regimen with three (tid) or
four (qid) times daily dosing of PPI was significantly higher than those with once (qd) or twice (bid)
daily dosing.

Figure 3. Intragastric pH 4 holding time ratio (Left panel) and mean 24 h intragastric pH (Right panel)
attained by the twice (bid) or once (qd) daily dosing of 20 mg of vonoprazan (VPZ) or esomeprazole
(EPZ) on day 7. VPZ 20 mg twice daily can attain both the intragastric pH 4 holding time ratio 100.0%
and the mean 24 h intragastric pH 6.8.
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3. Antibacterial Effect and Optimal Dosing Scheme of Amoxicillin

The relationship between the eradication rates and dosing scheme of AMOX is shown
in Figure 4. When AMOX was dosed twice daily, the eradication rates were all less than
60%. To attain eradication rates higher than 90.0%, at least 3 times daily dosing seems
necessary for AMOX in the dual therapy. Because the antibacterial effect of AMOX is
time-dependent [33] and because it has no post antibiotic effect [34], its antibacterial activity
depends on the percent time above MIC (%T > MIC) [35]. Since the plasma half-life of
AMOX is as short as around 1 h, it will decrease below MIC in a few hours after dosing,
and therefore, it is necessary to be dosed 3–4 times a day for AMOX to be effective. This
is the reason why results of the twice-daily dosing regimens of AMOX are insufficient. In
contrast, in reports that achieved high eradication rates, AMOX was administered 3–4 times
daily when PPI was also administered at high doses 3–4 times a day.

Figure 4. Plots of the eradication rates of studies of dual therapy with PPI and amoxicillin listed in
Table 1 as a function of dosing schemes of amoxicillin. Eradication rates higher than 90.0% can be
attained when amoxicillin was dosed at least three time daily (tid).

There was no significant correlation between the total daily dose of AMOX and
eradication rates in the regimens listed in Table 1 (p = 0.414)

Accordingly, to attain the sufficient eradication rates by the dual therapy with AMOX
and an acid inhibitor, it is considered necessary to administer AMOX in 3 or more divided
doses under the potent acid inhibition that can be attained by the higher doses of PPI dosed
3 or 4 times daily or VPZ 20 mg twice daily. Because the acid inhibitory effect of PPI is
influenced by CYP2C19 polymorphism, but not for VPZ, VPZ is ideal and should be used
for the dual therapy.
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It is obvious that the time above the MIC obtained with 3 doses of AMOX 500 mg is
longer than the time above the MIC obtained with 2 doses of AMOX 750 mg (Figure 5).
Furthermore, since the MIC is lowered by strongly suppressing gastric acid, it is speculated
that the time above the MIC will be even longer when an ultra-potent acid inhibitor, such
as VPZ, is used.

Figure 5. Logarithmic model of Time above MIC (T > MIC) of plasma level of amoxicillin 750 mg
dosed twice and 500 mg three times daily. The total of T > MIC of amoxicillin 500 mg three times
daily is longer than that of 750 mg twice daily. By using the vonoprazan, MIC is expected to be
lowered, resulting in the further elongation of T > MIC of amoxicillin.

4. Eradication Rates of Dual Therapy with Vonoprazan and Amoxicillin

The eradication rate reported in the first study of the dual therapy with VPZ and
AMOX was 92.9%, which was identical to that of the triple therapy with VPZ, AMOX, and
CAM [36]. In this report, there were no statistically significant differences in adverse events
between dual therapy and triple therapy, but tended to be less with dual therapy. Therefore,
it was considered that the dual VPZ/AMOX therapy could be a regimen for the first-line
eradication therapy.

Since this report, there have been several studies on the dual therapy with VPZ and
AMOX as listed in Table 2 [37–45]. Although the sufficient eradication rate could be attained
by the first study [36], the eradication rates of the dual VPZ/AMOX therapies varies by
different dosing schemes of AMOX and treatment periods as in the cases of PPIs.

As the duration of the treatment period, Lin et al. [42] reported that the dual VPZ/AMOX
therapies for 7 days could not achieve an acceptable eradication rates (58.3% and 60.7%).
Hu et al. [45] compared the 7 day and 10 day regimen with different AMOX dosing
schemes and found that none of the 7 or 10 day regimens could attain the sufficient
eradication rates. However, they reported that a 14 day regimen could attained a sufficient
eradication rate (89.1%) [37]. However, studies by Suzuki et al. [38] Gotoda et al. [39] and
Sue et al. [40], which were all from Japan, demonstrated that 7 days seemed a sufficient
treatment period for the dual VPZ/AMMOX therapy. The optimal treatment periods for
the dual VPZ/AMOX therapy seem to differ among different regions and ethnic groups.
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Table 2. Lists of reports of dual therapy with VPZ and AMOX.

Author Year
Dosing Scheme

of AMOX
Dosing Scheme

of VPZ
Duration n

Eradication
Rate (%) (ITT)

Furuta [36] 2019 500 mg tid 20 mg bid 7 days 56 92.9%
Suzuki [38] 2020 750 mg bid 20 mg bid 7 days 168 84.5%
Gotoda [39] 2020 750 mg bid 20 mg bid 7 days 60 85.0%
Sue [40] 2022 500 mg qid 20 mg bid 7 days 20 90.0%
Lin [42] 2022 750 mg qid 20 mg bid 7 days 84 58.3%
Lin [42] 2022 500 mg qid 20 mg bid 7 days 61 60.7%
Hu [45] 2022 1000 mg bid 20 mg bid 7 days 24 66.7%
Hu [45] 2022 1000 mg bid 20 mg bid 10 days 37 89.2%
Hu [45] 2022 1000 mg tid 20 mg bid 7 days 21 81.0%
Hu [45] 2022 1000 mg tid 20 mg bid 10 days 37 81.1%
Qian [41] 2022 750 mg qid 20 mg bid 10 days 125 93.4%
Qian [41] 2022 1000 mg bid 20 mg bid 10 days 125 85.1%
Hu [37] 2022 1000 mg bid 20 mg bid 14 days 55 89.1%
Hu [37] 2022 1000 mg tid 20 mg bid 14 days 55 87.3%
Zuberi [44] 2022 1000 mg bid 20 mg bid 14 days 92 93.5%
Chey [46] 2022 1000 mg tid 20 mg bid 14 days 324 78.5%
Gao [43] 2022 1000 mg tid/750 mg qid 10 mg bid 14 days 43 95.3%
Gao [43] 2022 1000 mg tid/750 mg qid 20 mg bid 14 days 143 91.6%

Abbreviations: VPZ = vonoprazan AMOX = amoxicillin, bid = twice daily, tid = three times daily, qid = 4 times daily.

Qian et al. [41] compared two types of ten-day dual VPZ/AMOX therapies with
bismuth-containing quadruple therapy. The dual therapy with VPZ 20 mg bid and AMOX
750 mg qid attained the 93.4% of eradication rate, which was as high as that of the quadru-
ple therapy (90.9%). Interestingly, the incidence of side effects of the dual therapy was
significantly lower than that of the quadruple therapy. Zuberi [44] also reported that dual
VPZ/AMOX therapy provides an acceptable and higher eradication rate (93.5%) with fewer
adverse events in comparison with the triple therapy with omeprazole, CAM, and AMOX.
Gao [43] reported that the dual VPZ/AMOX therapies were useful as the rescue therapy.
However, the eradication rate of the report by Chey [46] was 78.5%, although the regimen
was almost the same as that of study of Gao [43]. Accordingly, the optimal dosing schemes
of the dual VPZ/AMOX therapy remains to be determined. The best regimens of the dual
VPZ/AMOX therapy should be developed for each region and ethnicity.

5. Merits of the Dual Therapy with Vonoprazan and Amoxicillin

One of merits of the dual VPZ/AMOX therapy is to reduce the incidence of adverse
events. As noted above, the incidence of adverse events observed in the dual therapies was
lower in comparison with the triple therapy and quadruple therapy [36,41].

Pharmacologically, the greatest advantage of the dual therapy is that fewer drugs
are used, reducing the risk of drug–drug interactions. CAM, which is often used in triple
therapy, is a potent inhibitor of CYP3A4 and p-glycoprotein [47]. CAM has been reported
to increase plasma levels of drugs metabolized and transported by these enzymes [29].
However, CAM is not involved in the dual VPZ/AMOX therapy. Therefore, the risk of
drug–drug interactions related to CAM can be avoided. Of course, AMOX and VPZ are not
without risk of interaction. VPZ has also been reported to affect the antiplatelet effects of
Clopidogrel and Prasugrel [48], and has also been reported to affect CYPs [49]. Therefore,
it cannot be said that the dual VPZ/AMOX is completely safe. However, it is considered
safer than triple therapy from the viewpoint of drug–drug interactions. CAM also has an
arrhythmia risk [50]. Therefore, dual therapy with VPZ and AMOX is particularly useful in
patients with a risk of arrythmia, such as QT prolongation.
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6. Dual Therapy with Vonoprazan and Amoxicillin with Reference to
Clarithromycin Susceptibility

Suzuki et al. investigated influence of the CAM resistance in the comparative study
of the dual therapy with VPZ 20 mg bid + AMOX 750 mg bid for 1 week and the triple
therapy with VPZ 20 mg bid + CAM 20 mg bid + AMOX 750 mg bid for 1 week. In their
study in patients infected with CAM-sensitive strains of H. pylori, the eradication rates of
the dual and triple therapies were 85.5% and 95.1%, respectively. However, in patients
infected with CAM-resistant strains of H. pylori, the respective eradication rates were 92.3%
and 76.2% (p < 0.05). In other words, CAM has a negative effect on patients infected with
CAM-resistant strains of H. pylori. There are many possible reasons, but one possible
explanation is the pharmacodynamic antagonism between CAM and APMC.

In other bacteria, the combination of AMOX and CAM has been reported to be antago-
nistic [51,52]. The target of AMOX is PBP as noted above, which is the enzyme involved in
biosynthesis of bacterial cell wall. When H. pylori grows, the expression of PBP is enhanced,
which means that the expression of target of AMOX is increased, resulting in the bacterici-
dal effect of AMOX being enhanced. In contrast, when the growth of H. pylori is inhibited,
the expression of PBP is decreased. In this situation, the bactericidal effect of AMOX is
decreased because the expression of target of AMOX is decreased. CAM is known as the
inhibitor of rRNA, indicating that CAM inhibits the protein synthesis including PBP. Then,
the sensitivity to AMOX is decreased by CAM.

However, if the patient is infected with CAM-sensitive strains, there is no problem
because they can be killed by CAM. However, in cases infected with CAM-resistant strains
of H. pylori, there might be some problems. MIC ranges of CAM-resistant strains of H. pylori
are very wide (e.g., from 1 μg/mL to >32 μg/mL). In cases infected with CAM-weakly
resistant strains of H. pylori, CAM will work halfway. Although H. pylori strains cannot be
killed by CAM, the inhibitory effect of CAM on rRNA may affect the subsequent protein
synthesis including PBP, leading to the reduced sensitivity to AMOX [53]. This seems to be
the reason why the eradication rates attained by a PPI, AMOX, and CAM were reportedly
very low in patients infected with CAM-resistant strains of H. pylori [54,55], although
AMOX-resistant strains of H. pylori are rare.

7. Strategy for Patients Allergic to Penicillin

The dual therapy with VPZ and AMOX cannot be used for patients allergic to penicillin.
Gao et al. [56] performed dual therapy with VPZ 20 mg bid and tetracycline 500 mg tid
(body weight < 70 kg) or 500 mg qid (body weight ≥ 70 kg) for 14 days in patients who were
allergic to penicillin or who had failed before. The eradication rate was 93.5%. Therefore,
it is suggested that if one antibacterial agent with high susceptibility is selected besides
AMOX, H. pylori eradication can be achieved with dual therapy with VPZ plus single
effective antibacterial agent.

8. Conclusions

As mentioned above, the greatest merit of the dual VPZ/AMOX therapy is to reduce
the risk of adverse events without lowering the eradication rates. In this regimen, CAM is
not used, indicating the risk reduction of drug–drug interactions, arrhythmia, and other
adverse events caused by CAM. The regimen is simple. There is also a report of the
effective dual therapy with VPZ and single antimicrobial agent other than AMOX, such
as tetracycline.

Now that we have vonoprazan in our hands, it is expected that eradication therapy
will be reconstructed into a simpler regimen, such as dual therapy with VPZ and one
antibacterial agent with high susceptibility (i.e., AMOX) in the optimal dosing scheme. It is
also expected that we can break away from the stereotype of using multiple antibiotics to
eradicate H. pylori.
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Unfortunately, the use of VPZ is not widespread worldwide. It is hoped that VPZ will
become widely available around the world in the future, and new drugs with similar effects
will be developed, leading to the simplification of eradication regimens in many countries.
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