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ABSTRACT

The discovery of Helicobacter pylori was hopeful as this agent was included in the list of ‘preventable-
infectious carcinogens’, and many non-treatable gastroduodenal disorders with uncertain causes became
treatable infectious diseases. Nevertheless, nowadays frequent antibiotic resistance is observed among
H. pylori infections, sometimes as high as 95%. H. pylori is a bacteria that existed for a very long
time, which was only recognised in the last 30 years. It can cause a variety of symptoms leading to
gastroduodenal disorders from chronic inflalmmation in the gastrointestinal system to non-cardia gastric
cancer. It is acquired in the early years of life and infection is commonly lifelong. The accepted primary
route of transmission is person-to-person contact because humans are the only known significant
reservoir of H. pylori. The target cell of H. pylori is the gastric mucus secreting cell. The prevalence in
Europe shows a huge variety with almost all studies showing a decreasing trend. During childhood
the highest prevalence was from Turkey (56.6%) and the lowest was from Czech Republic (4.8%).
Among adults, the overall prevalence was found to be between 18.3% (Denmark) and 82.5% (Turkey),
with substantial country-to-country variations. The prevalence rate differs by socioeconomic lifestyle
characteristics and also genomic structure; it is also higher in less developed countries/populations.
While the more commonly used test to determine H. pylori infection is serology, immunoglobulin G
by enzyme-linked immunosorbent assay, the urea breath test (UBT), and stool antigen testing are non-
invasive tests which are also recommended.
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infectious agents can be controlled or treated,
26% of cancer cases in developing countries and
8% in developed countries can be prevented.'?

INTRODUCTION

At the beginning of the 1990s Helicobacter pylori
was placed in the potential human carcinogen list
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because of a causal link showing it to cause non-
cardia gastric carcinoma.! It is estimated that
the cancer cases caused by infectious agents
amount to 20% in total. Among these agents, the
highest proportion belongs to H. pylori with 37%
of the causes (Figure 1).2 The cancer frequency
is consistently increasing throughout the world.
The ratio of cancers caused by infectious agents
is estimated to be around 23% in developing
countries, whereas this ratio is close to 7% in
developed countries. If these cancer-causing

Warren with the successful isolation and culture.®
H. pylori can colonise the human stomach and
induce inflammation of the gastric mucosa.® It is
accepted that H. pylori can cause chronic gastritis,
peptic ulcer disease, gastric mucosa-associated
lymphoid tissue lymphoma, and gastric cancer’
H. pylori as an infectious agent has been claimed
to be acquired during childhood, stay in latency for
long periods of time, and cause gastric diseases in
advanced adult ages. Where the morbidity rate of
H. pylori is high, the mortality rate is low.2 H. pylori
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infections can be diagnosed by a variety of tests
and usually treated with antibiotic use.® However,
recent increase in antibiotic resistance among
H. pylori is starting to affect the successful
treatment, and preventive vaccinations still do
not exist.® Even with the increasing attention to
H. pylori, the transmission route, acquisition, and
loss of H. pylori are not understood completely.8©
The prevalence of H. pylori in the developing
world is widespread even though a decreasing
trend is observed in developed Western countries.
This review is going to focus on the prevalence
of H. pylori infection in childhood and adulthood
periods in Europe, with the aim of aiding the
understanding of infection and related risk factors,
through the basic information available to the
writer and with the main interest on large scale,
population-based studies since 2000.

Characteristics of H. pylori

H. pylori is a highly heterogeneous bacterium
showing a large genomic diversity! Humans with
multiple strains have been observed, and during
colonisation of a single host, the bacterium can
genotypically and phenotypically change" H. pylori
genotypes were found to be diverse in different
geographic areas, especially cagA and vacA.
Strains from Western countries predominantly
possessed cagA Type 2a, vacA sla or slb/mla, or
vacA m2a genotypes, whereas strains from East
Asia possessed cagA Type Ta, vacA sic/mib, or vacA
m2b genotypes. Studies from Turkey, which has the
highest H. pylori prevalence, showed that Turkish
strains predominantly possessed cagA Type 2a,
vacA sla/mla, or vacA m2a genotypes, which
were typical genotypes in strains from Western

countries.” The presence of duodenal ulcer and
gastric cancer were found significantly related
with H. pylori vacA sla, cagA, and cagE genotypes.
On the other hand, cagE and vacA sla genotypes
are independent predictors of duodenal ulcer,
and babA2 and cagE genotypes are independent
predictors of gastric cancer® Production of
immunoglobulin A (IgA) antibodies has also been
associated with a CagA-positive infection, which is
associated, in turn, with an increased risk of severe
complications, such as gastric cancer. In a study of
Finnish adults, maturation of the IgA response in
H. pylori infection in adulthood (both as an
increased number of IgA responders and in rising
antibody titres) was presented, whereas the IgG
titres in children have disappeared in adulthood.”

H. PYLORI PREVALENCE AND
GEOGRAPHIC DISTRIBUTION

Predominantly, the recent population-based and
large scale studies were taken into consideration
for this review. This was not an easy task, mainly
because they cannot be compared in reality as
they are so different from each other; for example
study types, study populations, selection methods
of sampling, and also tests used to define the H.
pylori status. Several non-invasive H. pylori tests
are established in clinical routine.® The Maastricht
IV/Florence Consensus report declared that the
urea breath test (UBT) using 13C urea remains the
best test to diagnose H. pylori infection, has a high
accuracy, and is easy to perform. Stool antigen
test is regarded as an equivalent to the UBT
and, from a diagnostic accuracy standpoint, a
monoclonal test from a validated laboratory is used.

37%

28%

B HPV M Helicobacter pylori

25%

10%
BHBYV + HCV EEBV

Figure 1: Cancers due to five infectious agents (correspond to 18.6% of total cancer incidence).?
HPV: human papilloma virus; HBV: hepatitis B virus; HCV: hepatitis C virus; EBV: Epstein-Barr virus.
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Table 1: The prevalence of Helicobacter pylori in childhood, in various countries, after 2000.

H. pylori (+)% |n Average age/ | Diagnostic | Study population Country Reference
Age groups Test
(years)
216 844 |0-15 Stool test | Asymptomatic children Portugal Oleastro et al.’®
15.8 284 |1-14 Stool test | Descriptive Spain Leandro
Liberato et al.”
9: 2005/2006 | 545 7-9 Serology Birth cohort study Netherlands | Den Hoed et
9:1993 6-8 al.®
19: 1978
1.2 1,258 | 2-4 Serology A serum bank of 6,127 Netherlands | Mourad-Baas
0.5 (Dutch children who attended the et al.”®
parents) community child healthcare
2.6 (non- centres in the Dutch
Dutch parents) province of Zuid-Holland.
6.5: 2006 1,905 | School UBT Long-term, follow-up study | Germany Bauer et al.?°
5.7: 2000 children (Leipzig)
6.1: 1998 School
starters-
8t Grade
students
27 137 1-4 Stool 1 year follow-up of Germany Rothenbacher
assay asymptomatic Turkish et al.?
children on whom
participating pediatricians
had performed routine
health screening Sept. 1997-
Oct. 1998
4.8 (<15 years) | 1,837 | 5-98 UBT* General population Czech Bures et al.??
(22 cities) Republic
7.1 1,545 | 0-15 Stool test | Cross-sectional Czech Sykora et al.?®
Republic
56.6: 2004 327 3-12 UBT Cohort of Turkey Ozen et al.
49.5: 1998 13.5 mean age healthy school children
14%: incidence
rate
5.5%: loss rate
66.3: 2000 219 7-14 Serology Cohort of Turkey Ozden et al.?®
78.5: 1990 184 primary school, healthy (Ankara)
children
43.9 346 Children Serology Descriptive healthy children | Turkey Yilmaz et al.?®
Father: 76.3 (Eastern
Mother: 85.4 Turkey)
13: 2005 370 2-19 Serology Cross-sectional Russia Tkachenko et
44:1995 307 (St al.?’
Petersburg)
28.1 296: | Children Serology Hospital based Estonia Oona et al.?®
42.2 2002
425:
1991

*The cut-off point was 3.5 for urea breath test (UBT) test.
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Table 2: Helicobacter pylori prevalence in adults according to various European countries after 2000.

H. pylori n Average age/ | Test Study population Country Reference
(+)% Age groups
(years)
71.3 430 Adults Serology Hospital based controls Spain Sanjose et al?°
40.0 407 49-51 Serology The birth cohort UK Pearce et al.*°
2 3,928 50-59 UBT Cross-sectional UK Ford et al.¥
15.5 10,537 | 20-59 UBT Cross-sectional UK Lane et al.?233
14 10,118 1-84 Serology Cross-sectional UK Vyse et al.**
27.5 8,455 40-49 UBT Randomised clinical trial UK Moavyedi et
al.*®
377 22,612 | All age group Gastric In medical centre Belgium Miendje3®
biopsy
15.2: 2007 1,238 Adults Gastric Western European patients
36.2: 1988 biopsy
40.0: 2007 3,200 Adults Gastric North African patients
71.7: 1988 biopsy
18.3: 2009 36,629 | 42 median age | UBT Primary health care level Denmark | Dahlerup et al.?”
20.1: 2003 26-56
17.5 20,000 | 40-65 Serology + Randomised clinical trial Denmark | Christensen et
(Eradication UBT al.*®
rate 95%)
24.7 2,527 Adults Serology Population based study Denmark | Rosenstock et
al.*®
35.0 n7 16-40 Serology Nested case control Sweden Persson et al.“©
30.9
40.0 499 Serology Case-control Sweden Yee et al.¥
51-79
69
25 1,030 17-79 Serology Cross-sectional Sweden Soérberg et al.*?
50.5
79.2 3,564 17-99 Serology Cross-sectional, General Latvia Leja et al.*®
54 median age population
51.9 9,953 63 Serology Population based Germany | Schottker et
‘50-74’ al.4
44.4 2,318 0-30 Serology Hospital based, Germany | Wex et al.*®
Patients
40.7 6,545 18-79 Serology Cross-sectional Germany | Kuepper-
Nybelen et al.*¢
23.5 1,837 5-98 UBT* General population Czech Bures et al.#’
39.8: =55 (22 cities) Republic
years
41.7 2,509 5-100 UBT Cross-sectional, Czech Bures et al.*®
19 GP centre Republic
35 1,838 =18 UBT* Workplace Slovak Kuzela et al.*®
Republic
63.8 960 18-60 Serology Employees in a company Romania | Sporea et al.*°
M:73.5/ 36.8
FM:63.8
82.5 4,622 =18 UBT Cross-sectional Turkey Ozaydin et al.®
63 200 21.4 Stool test Descriptive Turkey Yucel T et al.™

UBT: urea breath test; GP: general practitioner.
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Figure 2: The prevalence of Helicobacter pylori in adults in Europe after 2000 according to various
countries (the latest results from published literature were presented in the graph).

The third commonly used method to diagnose
H. pylori infection is serology and, given the
chronic status of the infection, 1IgG detection by
enzyme-linked immunosorbent assay is favoured.
Another problem that must be mentioned is the
relative lack of large scale, population-based,
representative, cross-sectional studies. One of the
population-based, representative studies was done
by Ozaydin et al.® where the sample was selected
throughout the country. All related studies listed
in this review, in Tables 1 and 2 were published
about European countries after 2000, considering
the frequency of H. pylori infection in childhood
and adulthood.>™

European Prevalence of H. pylori in Childhood

In Europe, after 2000, as far as the author can
reach, there were few large scale studies about H.
pylori prevalence in childhood (Table 1). Among
the present studies, according to the latest one
from each country, the highest prevalence was
found in Turkey* (56.6% among 3-12 vyears),
the lowest seroprevalence rate was from Czech
Republic??> with 4.8% <15 years. However, there was
a huge range between the prevalence of countries
in Europe, with almost all of them showing a
decreasing trend.e%

European Prevalence of H. pylori in Adulthood

A great diversity of H. pylori infection prevalence
among adults in Europe has been recorded since

GASTROENTEROLOGY ¢ December 2014

98

2000, with an overall prevalence for adulthood
being between 18.3-82.5%, with substantial
country-to-country  variations  (according to
the latest literature from each country; Table 2,
Figure 2)57"5" The highest prevalence of 82.5%,
for adults aged =18 years was measured by the
UBT test in Turkey, by a population-based,
nationally representative, cross-sectional study
(n=4,622),> whereas the lowest prevalence of
H. pylori was found in Denmark, by UBT test, as
18.3%, at the primary healthcare level.®3

The Role of Family Members in the Acquisition
of H. pylori Infection

H. pylori infection is acquired usually after the
first year of life and persists, at least, for
decades.'®4? Under the conditions of poor hygiene,
gastrointestinal microbes have been easily
transmitted. Still, such enteric transmission occurs
in some developing countries as H. pylori are
ubiquitous, and their presence is possibly nearly
universal. Oral-oral, faecal-oral, waterborne, and
iatrogenic routes are usually accepted ways of
transmission of H. pylori. Because humans are the
only known significant reservoir, intra-familiar
clustering, person-to-person transmission, appears
to be the predominant mode of transmission.** Risk
factors for H. pylori transmission can be listed such
as crowded family, parents (especially mothers)
with H. pylori, H. pylori-positive older siblings, and
household crowding during childhood. In Sweden,
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Kivi et al.>* studied Helicobacter status in family
members as risk factors for infection in children,
and showed that H. pylori infections in mothers
and siblings in high prevalence countries stand out
as strong factors for infection risk, although birth
in high prevalence countries was an independent
risk factor. The role of infected parents with H.
pylori infection was also studied; an infected
mother is shown to be a much stronger risk factor
for childhood infection than an infected father.?"3
The evidence about infected parents showed
that mothers especially may play a key role in the
transmission of H. pylori to the children.?>3 |t was
found that sibling number in the household was
independently associated with prevalence of H.
pylori infection; whereas prevalence of infection in
those with no siblings was 20%, it was 63% with
eight or more siblings.”

Reasons behind the Inter-Country Variation
Different H. pylori subtypes in different countries

It is known that a clear phylogeographic
differentiation exists between H. pylori strains
from different geographic areas to an extent that it
is possible to use these strains as a marker of the
origins of various ethnic populations.?*% The
virulence gene cagA, and vacA genotypes in
particular, differ in different geographic areas,
and are commonly used as markers. However,
the difference between strains is not sufficient to
explain the difference of prevalence between the
countries in Europe.

Significant sociodemographic differences

Low prevalence rates in developed countries, high
prevalence rates in developing countries, and
even prevalence rate differences between regions
in the same countries, are reported based on the
different sociodemographic and socioeconomic
levels (Tables 1T and 2, and Figure 2).

The effect of birth cohorts

The prevalence rate is decreasing with each new
year, but this decrease is not parallel in different
countries. Highly organised population-based
screening projects were implemented in a small
number of European countries, and antibiotic
treatment was administered to the small number
of positives in these screening projects.’233353%8 Thijs
was not advised by their researchers, even with the
indication number being too high, as the dyspepsia
treatment and overall life quality improvement

GASTROENTEROLOGY ¢ December 2014

was negligible. However, during these screening
projects, positives were administered antibiotics
and 95% of the H. pylori infections were eradicated.
If the fact that the only host of H. pylori is humans
is taken into account, this might be accounted
for as a very important intervention to the chain
of infection.

Antibiotic resistance

After identification by Warren and Marshal, H. pylori
was supposed to be eradicated by antibiotics easily.
However, until the present time, the prevalence
of H. pylori gradually decreased, yet infection is
still common in some countries!”® Two antibiotics
(amoxicillin and clarithromycin) plus a proton
pump inhibitor, given for 1 or 2 weeks, has been
recommended as the treatment of H. pylori®®>
However, failure of this treatment was reported

due to antibiotic resistance. Clarithromycin,
metronidazole, tetracycline, fluoroquinolones,
and rifampicin resistance has recently become

an emerging issue. Although the prevalence of
antimicrobial resistance shows variation even
among regions per antibiotic, antibiotic resistance
in H. pylori is widespread, and it can be as high as
95% in some cases. For example, metronidazole
resistance is around 35% in developed countries,
yet it varies between 20-95% in developing
countries. For example, H. pylori prevalence is
very high in Turkey, and 27.5-40.5% resistance
to clarithromycin and up to 85% resistance to
metronidazole has been reported.>®*’

The causes of resistance are not known exactly,
but widespread consumption of antibiotics could
be one of the reasons. Also, there might be some
factors related with antibiotics unknowingly
consumed with food. Antibiotics are widely
used in pasture animals and recently about 80%
of antibiotics produced in the US are given to
farm animals for enhanced growth.>® In addition,
usage of recombinant bovine growth hormone is
a known side-cause of mastitis, and widespread
antibiotic treatment for mastitis is known in milk
production.®® It is hypothesised that this side
consumption of antibiotics may contribute to
emerging antibiotic resistance.

Alcohol consumption variations

In a study done in the UK by Murray et al.t% in 2002,
higher wine consumption was found to lower H.
pylori risk by 11%, and a similar effect was confirmed
for beer consumption. In 2005, Kuepper-Nybelen
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et al® reported that alcohol consumption may
facilitate elimination of H. pylori infection among
adults, and a similar trend is reported by Ozaydin
et al”® in 2013, in Turkey. Alcohol consumption was
reported to be 7.4% in male Turkish adults, and
subsequently H. pylori risk is found to be 2.18-times
higher in adult males who never drink alcohol.
However, alcohol and tobacco use for women
are not found to be related to H. pylori infection
risk, maybe because alcohol and tobacco use
were so low in Turkish women (1%)." Interestingly,
in countries with high H. pylori infection, the
consumed alcohol amounts are low, whereas in
communities with low and decreasing H. pylori
prevalence rates, alcohol consumption is high and
increasing. This might have contributed to the
decrease in H. pylori prevalence.

Citrus fruit consumption

An interesting result was found in Turkey; people
in the South of Turkey have the least H. pylori
prevalence, whereas the Western region is more
developed, have better housing conditions, and
smaller family size. In the Southern region of
Turkey, oranges, lemons, tangerines, and bitter
oranges are produced. People eat them or drink
their fresh juices all year round because they are
cheap and plentiful. H. pylori may not survive
in acidic gastric conditions produced by the
acidic citrus fruits.156263

CONCLUSION

H. pylori are unique bacteria that are known to
cause cancer, yet our knowledge and understanding
of this organism is far from complete, or even
satisfactory. Modes of transmission are all studied
extensively, but the evidence remains rare and
uncertain. According to the present evidence, the
prevalence of H. pylori infection in Europe shows
a huge variety, with almost all studies showing
a decreasing trend. The genomic structure of H.
pylori has been reported from different geographic
regions; strains from Western countries, which have
lower incidences of gastric cancer, predominantly
possessed cagA Type 2a, vacA sla or slb/mla,
or vacA m2a genotypes, whereas strains from
East Asia, which has a higher incidence of gastric
cancer, possessed cagA Type 1a, vacA sic/mib,
or vacA m2b genotypes. As is the case with
many gastrointestinal system infectious agents,
many choices exist for treatment, yet most of
these treatment approaches for H. pylori have a
20% failure rate, as well as emerging antibiotic
resistance. Under the light of these points, research
on knowing this organism from a better standpoint,
the roots of transmission, and even on the
survival of this bacteria is elemental, as this new
understanding may be employed to explain and
comprehend the differences in prevalence of
infection and incidence of gastric cancer between
different regions and communities.
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