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Abstract

Several guidelines recommend the screen-and-treat strategy, i.e. active search for the presence of Helicobacter pylori infec-
tion and its eradication to prevent the possibility of gastric cancer. It is thought that a relatively short duration antibiotic
regimen given once in a lifetime would not significantly increase overall antibiotic consumption. However, this would mean
offering antibiotic treatment to the majority of the population in countries with the biggest burden of gastric cancer who
would, therefore, have the greatest benefit from such a strategy. So far, no country has implemented an eradication strategy.
With an example based on the current situation in Latvia, we have estimated the increase in antibiotic consumption if the
screen-and-treat strategy was applied. Depending on the scenario that might be chosen, clarithromycin consumption would
increase up to sixfold, and amoxicillin consumption would double if the recommendations of the current guideline in the
local circumstances was applied. It appears that an increase in commonly used antibiotic consumption cannot be justified
from the viewpoint of antibiotic stewardship policies. Solutions to this problem could be the use of antibiotics that are not
required for treating life-threatening diseases or more narrow selection of the target group, e.g. young people before family
planning to avoid transmission to offspring. Additional costs related to the increase in resistome should be considered for
future cost-effectiveness modelling of the screen-and-treat strategy.

Keywords Screen-and-treat - H. pylori - Gastric cancer - Prevention - Resistome - Cost-effectiveness - Antibiotic
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Introduction

Although declining in incidence, gastric cancer will remain
an important healthcare issue for the foreseeable future due
to aging and the increase in global population. The group of
experts gathered by the International Agency for Research
on Cancer (IARC) has suggested implementation of gastric
cancer prevention by Helicobacter pylori (H. pylori) eradi-
cation in well-controlled research settings (ML was part of
the working group) [1].
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The annual total number of new cases accounts for ~one
million, responsible for > 8% of global cancer-related deaths
each year [2]. This number is estimated to remain stable
for at least the next 30 years if no prevention measures are
implemented [3].

Infection with H. pylori is the key risk factor for this type
of cancer, responsible for ~90% of the distal (non-cardia)
cancer cases [4, 5].

Several prevention strategies, including primary and
secondary prevention are suggested to decrease the mor-
tality caused by gastric cancer. Only about 1-2% of indi-
viduals infected with H. pylori are likely to develop gastric
cancer in their lifetime [6, 7]. Ideally, only the bacteria
potentially leading to cancer or other diseases should be
eradicated; however, risk stratification attempts based on
H. pylori virulence factor identification or host suscep-
tibility, e.g. by detecting the relevant polymorphisms of
proinflammatory cytokines, have not led to a strategy that
could be recommended for routine practice [8]. Vaccine
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development still does not provide encouraging results
suggesting that it is close to a routine practice [9].

Eradication of H. pylori in adults hosting the infec-
tion appears to be the most effective prevention strategy.
The only reliable approach to eliminate the infection is
simultaneous use of at least two different antibiotics in
combination with potent acid suppression using a proton
pump inhibitor or a potassium-competitive acid blocker
(PCAB) [10].

A Screen-and-Treat Strategy

A screen-and-treat strategy would mean active testing for
presence of H. pylori in the (mostly healthy) general popu-
lation, and offering eradication to those testing positive
[11]. It is expected that H. pylori eradication would reduce
the risk of gastric cancer in the population for ~34% [11].
Such a strategy should comply with the principles of good
governance and organization, and the benefits should be
well-balanced against the risks that any potential interven-
tion could create [12]. Several risks have been suggested for
population-based H. pylori eradication; however, the possi-
ble adverse effects related to increased antibiotic consump-
tion probably are the most significant. Resistant H. pylori
strains are emerging due to high antibiotic consumption [13].
However, the most significant risks will probably be related
to induction of resistance in other clinically relevant bacteria
than H. pylori and increase the pool of resistant genes in the
gut and upper respiratory system [14—16].

The currently recommended choice of antibiotics
depends on the local resistance pattern of H. pylori, unless
susceptibility-based individual therapy is prescribed [10,
11]. Clarithromycin and amoxicillin are the most widely
prescribed antibiotics, frequently used in both low and
high clarithromycin-resistant regions. According to the
guidelines, the clarithromycin-containing regimen is the
choice where H. pylori is clearly sensitive to clarithromycin
(for individualized treatment) or if H. pylori resistance to
clarithromycin does not exceed 15% in the reference popula-
tion [11]. Although the resistance of H. pylori to clarithro-
mycin correlates to the overall use of this antibiotic in a
particular population, the choice of treatment solely depends
on H. pylori resistance. Furthermore, no differences in the
eradication regimen are currently recommended, depend-
ing on whether the treatment is given for a clinically evi-
dent disease, e.g. for complicated ulcer disease or MALT
lymphoma from prevention strategies in population-based
settings. The author viewpoint is that negative effects upon
the gut microbiome would not be a significant concern in the
case of treating patients with a clinically significant disease,
yet should be considered in preventive interventions.

Screen-and-Treat in Guidelines

The European Maastricht V/Florence consensus (ML
was part of the working group) recommended the screen-
and-treat strategy in communities at high risk of gastric
cancer and consideration of this approach in communi-
ties with intermediate to low risk of gastric cancer [11].
Kyoto global consensus has for the first time categorized
H. pylori gastritis as an infectious disease, irrespective of
symptoms and complications [17], which has been rein-
forced by the Maastricht V [11] and Brazilian consensus
[18]. All H. pylori infected subjects are recommended to
undergo eradication therapy according to the Kyoto con-
sensus unless there are competing considerations, such
as comorbidities, re-infection rates in their communities,
competing health priorities of society or financial issues
[17].

The recent guidelines of ASEAN (Association South-
east Asian Nations) countries support eradication to pre-
vent gastric cancer by considering this strategy as cost-
effective, depending on the disease burden in the relevant
community [19]. A similar opinion was formed in the
Second Asia—Pacific Consensus Guidelines for H. pylori
infection a decade ago for communities with high inci-
dence of gastric cancer [20].

At the same time, some of the guidelines and expert
group recommendations are less enthusiastic regarding
population-based eradication. The American College of
Gastroenterology does not recommend active search of
H. pylori in an asymptomatic population [21]. An expert
group hosted by IARC has suggested the need for interven-
tional strategies to decrease the burden of gastric cancer
[1, 22]; however, experts recommended that this be done
by the means of well-designed clinical studies evaluating
the feasibility, acceptance, costs, effectiveness and adverse
consequences. A European expert group (ML was part of
the working group) within the EU Joint Action in Cancer
Control (CanCon) has been even more critical—they con-
cluded that, as of today, there is no screening method that
can be readily recommended for implementation in the
EU Member States, although there seems to be a need for
one [12]. This also included the screen-and-treat strategy
for H. pylori.

There is common agreement [8, 11, 17] that the opti-
mal timing for eradicating H. pylori must come before the
development of precancerous lesions, since a proportion
of the subjects could be progressing to gastric cancer if
eradicated at the stage that precancerous lesions (atrophy,
intestinal metaplasia, dysplasia) become evident.

In Japan, currently eradication therapy is reimbursed
for all the individuals with H. pylori infection and active
gastritis (in addition to the ongoing screening activities for
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gastric cancer), which means that endoscopy is required
to confirm the condition. Thereafter, significant increase
in eradication therapies has occurred [23], yet this cannot
be considered an organized screening strategy. In Korea, a
high gastric cancer incidence country with a gastric cancer
screening program [24], H. pylori management guidelines
do not address the search for the presence of the bacteria
in general population [25].

The country probably closest to the real implementation
of screen-and-treat strategy in an organized way is Slovenia,
where the professional society has issued guidelines for such
a strategy [26]; it must be mentioned that this country has
considerable experience in implementing other types of can-
cer screening in an organized manner, including screening
for colorectal cancer.

Duration of the Treatment

Fourteen-day duration of eradication therapies, including for
bismuth-containing therapies, is currently recommended by
Maastricht V, unless shorter duration therapies (10 days) are
proven effective locally [11]. Similarly, the Toronto consen-
sus recommends a 14-day treatment [27].

It is noteworthy that the recommended duration of treat-
ment has extended with the time to achieve higher effective-
ness of these therapies. In 2005, the Maastricht III consensus
considered 7 days as a valid duration for treatment [28].
Maastricht IV in 2010 extended treatment to 10—14 days giv-
ing a gain of ~5% in the success rates [29].

Compliance with the General Principles of Screening

The general WHO principles for screening have been set
more than half a century ago by Wilson and Jungner [30],
and they are still used as of today although updated in the
new genomic era [31]. Furthermore, principles of good
screening organization and governance have been consist-
ently emphasized by the expert groups [12]. The above
principles include implementation of the program only
when sufficient scientific evidence (with proven effects on
the mortality as the end-point) is available and following
thorough cost effectiveness analysis, precise definition of
the target population as well as invitation strategy, piloting
of a screening system, setting up a robust quality assurance
system before the system is launched in full operation.

H. pylori infection is highly prevalent, affecting about
half of the global population [32]; the prevalence of precan-
cerous lesions in the general population is also consider-
able [33]. Therefore, population-based efforts such as the
screen-and-treat strategy should follow the general rules of
screening. It must be mentioned that the current H. pylori
management guidelines so far are lacking this approach.
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Potential Impact of Standard H. pylori
Eradication Therapy

Adverse events related to H. pylori eradication therapy
are common, but usually they are mild and of short-term
duration; the most common symptoms are diarrhea, nausea
and/or vomiting, epigastric pain, and altered taste [34]. A
large systemic review performed in 2004 demonstrated
adverse effects in 22% of the subjects receiving eradica-
tion therapy for peptic ulcer compared to 8% in patients on
a proton pump inhibitor (PPI) or no treatment (RR 2.28;
95% CI: 1.72 to 3.02) [34].

Treatment with oral and parenteral antibiotics results in
a rapid and significant alteration of the intestinal microbi-
ota. The most obvious outcome of disruption of normal gut
microbiome is Clostridium difficile infection (CDI). CDI is
a major threat to both outpatients and those hospitalized.

Although any antimicrobium can predispose a patient
to CDI, the risk is especially great when using broad-spec-
trum antimicrobials, which disrupt normal enteric flora
[35]. Prolonged treatment with antimicrobial agents is also
associated with an increased risk of CDI by extending the
time disruption of normal enteric flora [36].

Although not being a typical adverse event, a number
of cases have been published on CDI after eradication
therapy of H. pylori [37]. Awareness of the complication
is particularly important when both duration and indica-
tions for H. pylori eradication therapy have been extended.

Significant perturbation of the gut microbiome might
follow the use of antibiotics; however, in the majority of
cases the gut microflora would be expected to return to its
initial state within a few months [38, 39].

Resistome is defined as a collection of all antibiotic resist-
ance genes and their precursors in both pathogenetic and
non-pathogenic bacteria [40]. The gut microbiota is a large
reservoir of antibiotic-resistance genes [41]; an average
number of 21 such genes per sample has been reported [42].

Many earlier and more recent studies have suggested
long-lasting persistence of resistant pharyngeal and/or gut
bacteria following the use of traditional antibiotics used to
eradicate H. pylori.

One-week treatment of healthy volunteers with mac-
rolides (azithromycin or clarithromycin) has been associated
to a significantly increased proportion of macrolide-resistant
streptococci in the pharynx compared to a placebo-treated
group; resistant streptococci were present for up to 180 days
following treatment [16]. Similar data on macrolide-resistant
streptococci persistence in the pharynx for more than 1 year
in patients receiving clarithromycin-containing H. pylori
eradication regimens have been reported by others [43].

Another study has addressed the presence of resist-
ant Staphylococcus, Streptococcus, Enterococcus and
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Bacteroides spp. in samples from nostrils, throat and feces
before, 2 weeks and 1 year following triple H. pylori eradi-
cation therapy (clarithromycin, metronidazole and ome-
prazole for 7 days) in a group with peptic ulcer disease,
as well as a control group not receiving this treatment
[44]. Resistant isolates, in particular of Staphylococci
and Streptococci were higher after 1 year, but not in the
control group. Another study based on the same patient
data demonstrated that this treatment facilitated the selec-
tion of highly resistant enterococci present, even 3 years
after treatment [45]. The same group has also addressed
erm(B) gene levels (one of the mechanisms for macrolide
resistance) both in throat and fecal samples. These levels
increased dramatically by 3—5 orders of magnitude imme-
diately after antibiotic treatment. In a proportion of the
subjects, erm(B) remained elevated 4 years after treatment
[46]. However, the small sample of subjects in this study
should be noted.

More recently, larger studies applying 16S rRNA gene
and metagenomic sequencing have been reported by Yap
et al. [15] who investigated stool samples in 17-year-old vol-
unteers from Malaysia before H. pylori eradication, and at
6, 12, 18 months thereafter. Despite microbial diversity was
similar pre- and post-H. pylori eradication with no signifi-
cant differences in richness and evenness of bacterial spe-
cies, changes in the bacterial communities at the phylum
and genus levels were noted, e.g., the relative abundance of
Bacterioidetes decreased and Firmicutes increased.

An important study primarily addressing metabolic
effects of H. pylori eradication in general population in Tai-
wan was recently published [47]. Significant perturbation of
gut microbiota in short-term was revealed, and it was signifi-
cantly greater for concomitant and bismuth quadruple thera-
pies than for a standard triple. Bismuth quadruple therapy,
on the other hand, was not associated with an increase in
resistance in E. coli. The authors also demonstrated that for
other therapies the resistance rates of E. coli and K. pneumo-
niae to certain antibiotics were restored at week 8 and 1 year
after therapy [47]. However, this study focussed only on gut
microbiome and effect on resistance rates in Gram-negative
bacteria. Widespread use of amoxicillin and clarithromycin
causes concern about resistance rates in Gram-positive bac-
teria such as Str. pneumoniae and S. aureus [48, 49].

Current evolution of sequencing methods will provide
significant evidence related to the potential perturbation
of microbiota following antibiotic treatment, including H.
pylori eradication. Several studies comparing the effect of
different H. pylori eradication regimens on the gut micro-
biome or resistome are in progress in different countries,
including Taiwan, Spain and Latvia. In most of them,
the diversity of microbiota is addressed by means of 16S
rRNA gene sequencing, whereas others apply metagenome
sequencing.

Antimicrobial Stewardship Activities

The use of antibiotics is the primary driver for the devel-
opment of resistance and also leads to other adverse effects
ranging from allergic reactions to CDI [50].

The term "antimicrobial stewardship" is encountered in
a growing number and increasingly diverse range of con-
texts, from antimicrobial stewardship programmes in hos-
pitals and the community [51], to veterinary antimicrobial
stewardship [52], One Health antimicrobial stewardship
[53] and the WHO global stewardship framework [54].
Because of the rapidly increasing use of the term without
a sole clear definition, it has evolved differently in different
settings, influenced by local interpretations [55].

In general, antimicrobial stewardship programs have
a direct responsibility to ensure prudent antibiotic pre-
scribing. Reducing antibiotic exposure should minimize
the duration and extent of disruption of the microbiome,
thereby reducing collateral damage and improving patient
outcomes. Prolonged courses of antibiotics also increase
the risk of colonization with multidrug resistant organ-
isms. Therefore, the chain of transmission increases the
risk of horizontally infecting more than one patient. Inter-
rupting this chain is as important as preventing the devel-
opment of resistance.

Data from developed nations suggest that 80% or more
of antibiotic prescriptions are for outpatients [56]. There-
fore, limiting their use of antibiotics is essential in reduc-
ing both resistance and adverse events.

Over the last 20 years, several developed countries
introduced nationwide initiatives aimed at reduced anti-
biotic consumption, achieved a drop of > 30%. In Sweden
between 1992 and 2016, the number of prescriptions per
1000 inhabitants per year in outpatient care, including
primary health care, decreased by 43% from 560 to 318,
whereas among children aged 0—4 years it decreased by
73% from 1328 to 349 [57].

Between 2012 and 2017, a statistically significant
decreasing trend in antibiotic use was also seen in Finland,
Luxembourg and Norway [58].

In March 2015, the White House released the National
Action Plan for Combating Antibiotic-Resistant Bacteria,
which set a target of reducing inappropriate antibiotic use
in the outpatient setting by 50% by 2020 [59].

In light of these trends, any suggestion for mass treat-
ment of infections that would lead to an increase in antibi-
otic consumption will be carefully scrutinized by national
authorities and experts.

Amoxicillin and clarithromycin, drugs of choice for
treatment of H. pylori infections suggested by current
guidelines, have wide application for the treatment of sev-
eral community-acquired infections and account for large
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proportion of ambulatory antibiotic prescriptions in many
countries. They are part of the suggested first or second
line treatment regimens for community acquired pneu-
monia [60-63]. Amoxicillin or amoxicillin/clavulanate
is often suggested as first-line treatment for otitis media,
bacterial rhinosinusitis, dental infection and urinary tract
infections. Macrolides are often recommended as replace-
ment treatment for patients with penicillin allergy.

Use of azithromycin has been suggested for mass treat-
ment for Chlamydia trachomatis eye infections in develop-
ing countries. This has already provoked significant concern
on its potential adverse events, even though the prevalence
of Chlamydia is significantly lower than H. pylori. Monitor-
ing of the resistance in multiple organisms has been sug-
gested on this indication [64].

Estimated Increase in Antibiotic
Consumption in a Model of Latvia

We conducted an exercise by estimating the expected
increase in clarithromycin and amoxicillin consumption in
Latvia if an H. pylori eradication program would be imple-
mented. Latvia is a small country (population ~two million)
in northern Europe with a relatively low consumption of
antibiotics and relatively high incidence of gastric cancer—
the incidence per 100,000 inhabitants in both genders is 12.9
(ASR, world population) [65].

We used data on the clarithromycin (JO1FAQ9), amoxi-
cillin (JO1CRO04), and amoxicillin beta-lactam combination
(JOICRO2) consumption in the country provided by the
State Agency of Medicines and expressed in defined daily
doses (DDD) per 1000 inhabitants in Latvia within the
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period 2014-2018. Mathematical projection for the next
3 years was made, and population distribution per relevant
age groups from the official statistics was used. According
to the guidelines [11], a 14-day eradication regimen with
2 g per day amoxicillin and 1 g per day clarithromycin was
used in the estimates, considering that Latvia still belongs
to low H. pylori resistance areas to clarithromycin, and
therefore, clarithromycin-based triple therapy could be
considered the first choice. The prevalence of the infection
was considered 60%, based on our previous studies [66].

Three different scenarios for a screen-and-treat strat-
egy were evaluated: (1) eradication is limited every year
just to persons reaching adulthood—18 years of age;
for the estimates we considered a 100% adherence rate,
since it was expected that the campaign would result in
additional therapies outside the target group; (2) within
a 3-year period, screen-and-treat would be offered to the
risk-group defined as 40—64-year-old individuals; one third
of the target group would be covered per year with the 70%
compliance as an assumption; (3) within a 3-year period,
screen-and-treat would be offered to all adult individuals
assuming a similar 70% compliance rate. For scenarios 2
and 3, additional eradication of the group reaching adult-
hood was considered starting from year 2. The results are
given in Fig. 1.

Scenario 1 would lead to a moderate increase in clarithro-
mycin and amoxicillin consumption, Scenario 2 to ~ three-
fold increase, but Scenario 3 to more than a sixfold increase
of clarithromycin, with a slightly lower (twofold) increase in
amoxicillin consumption. Such an increase in antibiotic con-
sumption would move Latvia from a group of countries with
low antibiotic consumption to a group with average antibi-
otic consumption (see Fig. 2; data on antibiotic consumption

- Scenario 3

- Scenario 2

-~ Scenario 1

2014 2015 2016 2017

=== Clarithromycin (JO1FA09)
Fig. 1 Estimated antibiotic consumption in DDDs per 1000 inhabit-
ants, with 3 different scenarios for search-and-treat strategy for H.

pylori. Note: Scenario I: eradication limited to anybody reaching
18 years of age. Scenario 2: the age group 40-64 years invited for
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s Amoxicillin (JO1CRO2+J01CRO4)

screen-and-treat within a 3-year period, 70% compliance. Scenario
3: all adults invited for screen-and-treat within a 3-year period, 70%
compliance. Vertical axis: DDDs per 1000 inhabitants per day. Hori-
zontal axis: years. Dotted line: the trend-line without intervention
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Fig.2 Potential overall con-

. . . Netherlands
sumption of antibacterials for )
systemic use (ATC group JO1) Estonia
in Latvia compared to other Sweden
countries in the European
Union/European Economic Germany
area, with the hypothetical Slovenia
scenarios of an H. pylori screen- Audtiia
and-treat strategy expressed
as DDD per 1000 inhabitants Latvia
per day. Note: The bars in blue Norway
indicate the current consump- ]
tion of antibacterials (including Finland
Latvia). The bars in red are Denmark

consumption of antibacterials
in Latvia with various scenarios
during the first year of a screen-
and-treat strategy implementa-
tion. Scenario I: eradication
limited to anybody reaching

18 years of age. Scenario 2: the
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United Kingdom
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for screen-and-treat within a Croatia
3-year period; 70% compliance. Iceland
Scenario 3: all adults invited for .
Bulgaria

screen-and-treat within a 3-year
period; 70% compliance

based on the Annual Epidemiological Report on Antimicro-
bial consumption for 2017, [58]).

Potential Solutions

Latvia Scenario 2
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Latvia Scenario 3
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laboratory conditions [67-70]. Some of these compounds
had activity against H. pylori, but the results of clinical eval-
uations in monotherapies have been less promising; also, the
quality of these trials has been criticized [67]. Probiotics as a
single agent have been also used without major success [71].

Laboratory and animal experiments show the effective-

Vaccine (either preventive or therapeutic) would be poten-
tially the best solution of the problem [10, 11]; however, cur-
rent developments have not been promising. Non-antibiotic
H. pylori eradication regimens have gained significant clini-
cal interest. The use of natural products, including various
plant (even mushroom) and fruit extracts, natural oils, Chi-
nese herbs, garlic, ginger, green tea, curcumin, cranberries
and pistacia gum have been studied, predominantly under

ness of several non-antibiotic treatment modalities against H.
pylori. Antimicrobial polypeptides (pH-sensitive, helix-coil
conformation transitionable agent with a bactericidal activ-
ity) have been developed to target and selectively eradicate
H. pylori as a single therapeutic agent, without significant
effects on commensal bacteria [72]. Another group devel-
oped docosahexaenoic acid-loaded lipid nanoparticles with
bactericidal activity against H. pylori [73]. This bactericidal
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agent could also eradicate H. pylori without affecting the
other bacteria (Lactobacillus, E. coli, S. epidermidis and S.
aureus) [74].

Since the abovementioned approaches are still far from
clinical practice, regimens that are expected to interfere less
with the microbiota and less likely to be responsible for gut
(and other location) resistome development are more attrac-
tive for clinical applications in the near future.

Single antibiotic regimens, in particular those not con-
taining macrolides, could attract interest in this respect. Use
of high-dose amoxicillin is one case, although more frequent
dosing is required due to the pharmacokinetics of this drug.
High-dose amoxicillin-based dual therapy for first-line H.
pylori eradication has so far been evaluated predominantly
in Asia [75, 76], although a pilot study has been reported in
Europe [77]. More profound reduction of the gastric acidity
also could contribute to a higher effectiveness of the ther-
apy. Sugimoto and Yamaoka [64] have recently reviewed
the effectiveness of PCAB in H. pylori eradication therapies
compared to the traditional PPI containing therapies, and
demonstrated significant advantages of the PCAB. There-
fore, one directions for future therapies could be PCAB
and high-dose (multiple dose) amoxicillin in combination.
Another approach would be the use of antimicrobial agents
that are not typically used in managing life-threatening dis-
ease, as well as those causing less induction of the pool
resistant genes.

Bismuth-based therapies are mainly used to overcome
the resistance of H. pylori to commonly used antibiotics in
clinical settings [10, 78, 79]. An additional gain with these
therapies is avoiding the use of clarithromycin and amoxi-
cillin. However, bismuth is not available in many coun-
tries. The concern with bismuth-related adverse events is
predominantly related to the fact that in the 1970s, use of
high-dose bismuth salts for long periods was associated with
neurotoxicity; however, systemic review and meta-analysis
on bismuth use for H. pylori eradication did not reveal seri-
ous adverse events for such therapy [80].

A recent meta-analysis by Ko et al. [81] has suggested
the superiority of bismuth-containing therapies over non-
bismuth regimens; furthermore, adding bismuth to conven-
tional standard eradication regimens provides additional
gain in the efficacy of the therapies. Another meta-analysis
on a single capsule 10-day bismuth-containing quadruple
therapy has suggested ~90% eradication success both in
first- and second-line therapy [82].

Short-term dysbiosis restoration to baseline levels within
an 8-week period following 14-day bismuth quadruple
therapy has been reported from Taiwan; 16S rRNA gene
sequencing of the V3-V4 region and sampling before the
treatment, as well as 2, 8, and 48 weeks thereafter, was used
[83]. Therefore, bismuth-containing quadruple therapy is
also related to dysbiosis; other antibacterial agents contained
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in this treatment, in particular metronidazole, could be
responsible for perturbations in the microbiota. There are
still insufficient data on the potency of bismuth-based thera-
pies to induce and cause persistent resistome.

An alternative to the empiric eradication regimen is a H.
pylori susceptibility-based individual therapy. This allows
avoiding unnecessary use of antibiotics and increasing the
effectiveness of the treatment [84]. However, this is con-
sidering only H. pylori resistance patterns, not the effects
upon the other gut microbiome. Usually, even after H. pylori
resistance testing, several options for eradication therapies
are remaining, and lower negative effects upon the gut
microbiome should ideally considered to be the choice.

Finally, narrowing the target group for H. pylori eradica-
tion, e.g. by targeting young adults before family planning
and, therefore, before the potential transmission of the infec-
tion to offspring, could be another approach in decreasing
the misuse of antibiotics. In spite of the failures mentioned
above, individual risk stratification based on gender, lifestyle
factors, host and H. pylori genetics continue to be of interest
in risk stratification.

Cost-Effectiveness

Several meta-analyses have suggested convincing cost-effec-
tiveness of population-wide H. pylori eradication [85-87].
The benefit is likely to be highest in communities with a
high risk of gastric cancer; in developed countries, such an
approach could be either cost-effective or cost-neutral if con-
sidered on the positive side in reducing the cost of dyspepsia
treatment [11].

Few other cost-effectiveness studies have since been
published. In Denmark, a low H. pylori prevalence coun-
try, a 13-year follow-up of a randomized study population
(20,011 individuals aged 40—65 years at enrollment) failed
to achieve either quality-of-life or cost-effectiveness [88],
whereas a modelling exercise in China proved cost-effective
in a population-based screen-and-treat strategy related to
gastric cancer, peptic ulcer disease and dyspepsia reduction.
Furthermore, the highest effectiveness was in the age group
of 20 years [89]. Screen-and-treat has also been estimated as
cost-effective for employees in Japan [90]. However, these
studies have not considered the potential costs associated to
the increase in the pool of resistant bacteria.

The real costs behind the resistome are difficult to esti-
mate; at least two major issues must be considered: 1) cost
of the resistance and 2) cost-effectiveness of interventions to
reduce it [91]. There is also a huge range in the estimates of
additional cost, varying from < $5 to> $55,000 per patient
episode [91]. However, generally the current costings could
be an underestimated, and therefore, interventions in using
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antibiotics on a wide-scale could reflect as highly cost-sav-
ing benefit.

The hidden costs of antibiotic resistance in the United
States have recently been estimated by Michaelidis et al.
[92] who considered: (1) hospitalization costs; (2) second-
line inpatient antibiotic costs; (3) second-line out-patient
antibiotic costs, and (4) antibiotic stewardship costs. The
authors estimated that the total hidden cost attributable to
each ambulatory antibiotic prescription was $13 (range:
$3-95), and each ambulatory antibiotic prescription would
increase antibiotic costs by 65% (range: 15-475%), if the
cost of the resistance was incorporated into antibiotic costs
paid by patients or payers [92]. Applying this estimate to
the cost-effectiveness estimates of H. pylori eradication and
modelling the costs of resistome for other countries globally
probably would change the very beneficial cost-effectiveness
picture of screen-and-treat strategy. The cost-effectiveness
estimates should also incorporate those of organizing the
activities and governance of the process, exactly as in tradi-
tional cancer screening program settings [93].

Finally, compliance rates of the target population, equal
participation of both genders and coverage of the lower soci-
oeconomic class members is critical for the success for any
preventive strategy, and should be considered in cost-effec-
tiveness modelling. Because of the necessity of antibiotic
use and potential adverse events, participation rates could
be lower for an H. pylori screen-and-treat strategy than for
traditional screening approaches. This has been suggested by
the participation results in the Danish community H. pylori
screening trial [94] and is currently being addressed in the
GISTAR cohort in Latvia [95].

Conclusions

The Screen-and-treat strategy clearly increases the con-
sumption of antibiotics on a population level. In avoid-
ing the problems of treating life-threatening diseases due
to increased resistome, antibiotics with high potential for
resistome induction, and use for treating life-threatening dis-
eases (such as macrolides) should be avoided in population-
based H. pylori eradication regimens for otherwise healthy
people. Narrowing of the target groups for the screen-and-
treat strategy is desirable, e.g. for young people before fam-
ily planning and potential transmission of H. pylori to their
offspring. Finally, in implementing any screen-and-treat
strategy, this should be done under thorough surveillance
corresponding to the general principles of screening gov-
ernance, including surveillance of the incidence of serious
infections and all-cause mortality.
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