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Helicobacter pylori (H. pylori) infection has been recognized as a human class I carcin-
ogen in 1994 and linked with the development of gastric cancer in numerous studies.
Gastric cancer still ranks as the second leading mortality cause among all cancers in
the world and in the fourth place in Europe. High prevalence of H. pylori infection and
high incidence of gastric cancer in adults are still characteristic of the Baltic States and
resemble patterns in the Western and Northern European countries several decades
ago. The recent decline in gastric cancer incidence and mortality as well as H. pylori
prevalence in Lithuania, Latvia and Estonia reflects the worldwide trends. H. pylori-
induced diseases, however, still remain a significant burden for health care systems in
the Baltic States. The relevance of H. pylori induced gastric diseases in the Baltic States
has stimulated epidemiological, clinical as well as fundamental research on H. pylori
infection, premalignant gastric conditions and gastric cancer. This paper reviews origi-
nal research on H. pylori infection and related diseases in Lithuania, Latvia and Esto-
nia during the period 1992-2011.
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INTRODUCTION

Helicobacter pylori (H. pylori) infection is now recognized
as the main cause of most stomach and duodenum dis-
eases. H. pylori was found to trigger chronic inflamma-
tion in the stomach, further leading to premalignant and
malignant changes (1). This bacterium has been initially
linked with the development of atrophic gastritis and pep-
tic ulcer disease. Later evidence has shown that H. pylori
plays a role in the development of the mucosa-associated
lymphoid tissue (MALT) in the stomach. Furthermore, as
proven by numerous studies, H. pylori is the main risk fac-
tor for the development of gastric carcinoma (2). Despite
the decreasing incidence of H. pylori infection in the Bal-
tic States in the recent years, H. pylori induced diseases
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still remain a significant challenge for health care systems
in Lithuania, Latvia and Estonia. This paper reviews epi-
demiological, clinical and fundamental research on H. py-
lori infection and associated diseases in the Baltic States
during the period 1992-2011.

PATTERNS OF H. PYLORI INFECTION IN
BALTIC STATES

The high prevalence of H. pylori infection in adults is still
characteristic of the Baltic States; however, recent data
suggest that the prevalence of this bacterium has rapidly
decreased during the last decade, following the cohort
phenomenon. The prevalence of H. pylori has been linked
with socioeconomic factors in numerous studies. During
the years 1990-2011, the Baltic States have gone through
dramatic changes in the quality of life. The improved liv-
ing conditions and hygiene standards are reflected in the
decreasing H. pylori prevalence among children, since this
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bacterium is acquired early in childhood. The high preva-
lence of H. pylori and associated disorders in Lithuania,
Latvia and Estonia has been under constant monitoring of
different research groups in the Baltic States.

Data on H. pylori prevalence in the last decades in
the Baltic States reflect the high rate of infection among
adults. In Lithuania (1999), 78.5% of 18-60-year-old
blood donors were contaminated with H. pylori infection
(3). In 2005-2006, H. pylori was established in 65.5% of
Latvian patients and in 69.7% of Lithuanian patients aged
55 and above, referred to upper endoscopy due to dys-
peptic symptoms (4). In a recent comparative study, the
prevalence of H. pylori antibodies was 69% in Tartu, 36%
in Reykjavik and 11% in Uppsala (5). These data provide a
clear evidence that the prevalence of H. pylori in the Baltic
States still remains considerably higher than in Northern
Europe.

Contrary to the adult population, the prevalence of H. py-
lori infection among children has significantly decreased in
the Baltic States over the last two decades. In Estonia, the
age-standardized H. pylori seroprevalence rate was 42.2%
(95% CI 37.4-47.0%) for the children group investigated in
1991 and 28.1% (95% CI 23.1-33.6%) in 2002 (6). In 1997,
in Lithuania, in various age groups the contamination was
different and increased with age: in 10-11-year-olds, anti-
bodies against H. pylori were detected in 25%, in 12-13-
year-olds in 44%, and in 14-15-year-olds in 55% of chil-
dren (7). In Latvia, the prevalence of H. pylori in children
was 19% in 2001, and seropositivity was higher in children
with a positive parent (8).

The cytotoxin-associated gene (cagA) and the vaculat-
ing cytotoxin (vacA) are H. pylori virulence factors that
have been linked with more severe outcomes in patients
with persistent infection (9). Overall data suggest that the
distribution of genotypes of H. pylori strains in the Baltic
States resembles that in Western Europe (7). In Lithuania,
cagA was identified in 59.3% of Lithuanian H. pylori strains
investigated. The cagA/vacA combination was present in
93.8% of all strains carrying the cagA (10). The prevalence
of antibodies to the cagA protein in subjects seroreactive to
H. pylori was 62% in Estonia in 2007 (6). In Latvian chil-
dren, the presence of both cagA-positive and cagA-negative
genotypes was identified in 11 of the 31 culture-positive
patients tested (11).

Although the incidence of H. pylori infection is gradu-
ally declining, gastroenterologists face the problem of in-
creasing resistance of H. pylori to antibiotics. Boyanova et al.
evaluated the resistance of H. pylori to five antimicrobial
agents in 10 Eastern European countries, and isolates from
Lithuania exhibited relatively low resistance rates (12). We
have not observed any significant changes in the suscepti-
bility of H. pylori to the most widely used antibiotics during
the recent 10-year period in Lithuania (data not published).

Primary resistance rates in 1998, 2001 and 2007-2008 for
metronidazole were 24.7%, 33.3%, and 35.6% and for clari-
thromycin 1.1%, 3.7%, and 3.3%, respectively. No cases of
amoxicillin resistance have been detected. The current re-
search suggests that in the Baltic States the primary H. py-
lori resistance to metronidazole is considerable and that to
clarithromycin is low; therefore, clarythromycin-based tri-
ple regimes remain to be the first line therapy for H. pylori
eradication in the region.

H. PYLORI INDUCED PREMALIGNANT
GASTRIC CONDITIONS

Gastric carcinogenesis is though to be a multistep process
involving a complex interplay between H. pylori infection,
environmental and host genetic factors (9). Correa et al.
(1) has suggested that H. pylori infection induces chronic
inflammation of the gastric mucosa, leading to atrophic
gastritis, intestinal metaplasia, and gastric carcinoma.
Atrophic gastritis and intestinal metaplasia are considered
to be the mandatory predisposing factors in intestinal-type
gastric cancer, but the accumulating evidence suggests that
atrophic gastritis and intestinal metaplaisa are also associ-
ated with diffuse-type gastric cancer (13).

The high incidence of gastric atrophy and intestinal
metaplasia in Lithuanian, Latvian and Estonian popula-
tions is the outcome of the high prevalence of H. pylori
infection among adults in the Baltic States. Jonaitis et al.
(4) compared the prevalence and severity of gastric atro-
phy and intestinal metaplasia in Lithuanian and Latvian
patients vs. Taiwanese patients. Among H. pylori-infect-
ed subjects, atrophic gastritis was detected in 60.5% of
Taiwanese patients, in 35.7% of Latvian patients, and in
52.2% of Lithuanian patients. Intestinal metaplasia was
detected in 51.2% of Taiwanese, 33.0% of Latvian and
44.9% of Lithuanian patients. The results of the study in-
dicate that the prevalence of gastric atrophy and intestinal
metaplasia in the Baltic countries is higher as compared
with the Western countries and resembles the frequen-
cies observed in Asian populations, where the incidence
of gastric cancer is still very high.

Gastric atrophy is diagnosed by the histological exami-
nation of biopsies taken during endoscopy. This approach,
however, is associated with discomfort for patients and is
costly in populations with a high prevalence of H. pylori
infection. A novel approach to diagnosing atrophy from
a blood sample is becoming increasingly recognized. A
joined Lithuanian, Latvian and Taiwanese study aimed to
validate the biomarker method for indirect detection of
stomach mucosa atrophy versus standard histopathology in
Caucasian and Asian populations (14). The study showed
that pepsinogen I/1II ratio <3 correlated with gastric atro-
phy in the corpus of the stomach with an 83.3% sensitivity
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and 87.1% specificity. The results of the study suggest that
a decreased pepsinogen I/1II ratio is a reliable marker for
atrophy in the corpus, and it may be recommended for the
identification of individuals with this type of atrophy.

GASTRIC CANCER IN THE BALTIC STATES

Over the last two decades, gastric cancer mortality has de-
clined in all European countries. The fall was more than
50% in the West and Northern European countries, 45% in
the Baltic States and 40% in Russia. In the Baltic countries,
gastric cancer incidence in 2008 ranged between 23.0-20.8
per 100000 in males and 10.7-9.3 per 100000 in females
(15) (Table). The incidence of gastric cancer was lower than
in the neighboring countries Russia and Belarus, being,
however, significantly higher than in Northern European
countries. The incidence of gastric cancer in the Baltic
countries was approximately half as low as in the highest
incidence areas worldwide; however, the mortality rate was
similar to respective data of these countries.

Cancer patients’ survival is strongly dependent on so-
cioeconomic factors, including access to and quality of
medical care. Aareleid and Brenner (16) assessed the trends
in Estonia of cancer patients’ survival before and after the
collapse of the Soviet Union. Despite a moderate increase in
5- and 10-year relative survival over time, the prognosis for
stomach cancer remained considerably worse than it was in
more developed European countries many years ago.

Levi et al. (17) evaluated the overall trends in cancer
mortality in the European Union and accession countries.
For stomach cancer, female rates were substantially high-
er in central and eastern European accession countries as
compared with the West. They have concluded that most
of the unfavourable patterns and trends in cancer mortal-
ity in East European countries are due to recognized, and
therefore potentially avoidable, causes of cancer, includ-
ing tobacco, alcohol, dietary habits, as well as inadequate
screening, diagnosis and treatment.

The incidence of gastric cancer may vary even within
the countries, depending on life-style and living condi-
tions. There is some evidence from an epidemiological
study in Lithuania that males in rural populations show
a higher mortality from gastric cancer than in the urban
areas (18). Dietary habits have been linked with gastric
carcinogenesis in different studies; however, the data are
partially conflicting. An epidemiological study in Lithua-
nia found a higher risk of gastric cancer in subjects that
like salty food (19). They also suggested that a higher con-
sumption of raw vegetables may decrease the risk of gas-
tric cancer (20).

ASSOCIATION BETWEEN H. PYLORI AND
GASTRIC CANCER IN THE BALTIC STATES

In 1994, H. pylori infection was classified as a class I car-
cinogen involved in the development of gastric carcinoma.
A meta-analysis that included 19 studies reported an odds
ratio of 1.92 for gastric cancer in H. pylori positive subjects
as compared to controls (2). Another review including 12
papers reported even higher odds ratios of 3.0-5.9 for
H. pylori induced gastric cancer (21). Results of case-con-
trol studies conducted in the Baltic States confirm H. pylori
as a risk factor of gastric cancer.

In a Lithuanian study (2005), seroprevalence of H. py-
lori in gastric cancer patients was significantly higher as
compared to controls (77% versus 57%, p < 0.05). A gen-
der-related difference in H. pylori prevalence was revealed
among gastric cancer patients. A significant difference in
the prevalence of H. pylori infection between gastric can-
cer patients and controls was found only in females. In
males, no significant difference was revealed. The study
suggested that H. pylori could be more important for the
development of gastric cancer in females than in males, or
males may be exposed to more confounding risk factors
for gastric cancer than females. This study also showed
that a combination of vacA and cagA antibodies was sig-

Table. Gastric cancer incidence and mortality per 100 000 inhabitants in the Baltic Sea Region and areas with highest gastric cancer rates worldwide

(GLOBOCAN, 2008)

Incidence Mortality
Males | Females Males | Females

Estonia 20.8 10.7 15.3 74
Lithuania 23.0 10.0 18.6 7.9
Latvia 21.7 9.3 19.7 6.9
Poland 13.6 5.1 12.7 4.6
Belarus 34.2 15.0 30.1 11.8
Russia 26.9 11.7 24.0 9.9
Northern Europe 8.5 4.0 5.7 2.8
Japan 46.8 18.2 20.5 8.0
Korea 62.2 24.6 22.8 8.6
China 41.3 18.5 30.1 14.6
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nificantly more frequent in gastric cancer patients (88%)
than in the control group (71%) (22). The same group
of researchers has also shown that detection of H. pylori
antibodies to 94- and 30-kDa bands, together with cagA
and vacA antibodies, may have a predictive value for the
risk of gastric cancer (23).

A significantly higher H. pylori seroprevalence was
found in patients in the early stages of tumour development
compared with both advanced cancer patients and controls
in Estonia; however, no significant difference in H. pylori se-
roprevalence between patients with the intestinal and dif-
fuse types of tumour growth was observed (24). A higher
frequency of cagA antibodies was found in patients with
gastric cancer and gastric atrophy as compared with con-
trols in an Estonian adult population (25).

MOLECULAR ALTERATIONS RELATED TO
H. PYLORI INDUCED PREMALIGNANT CONDI-
TIONS AND GASTRIC CARCINOGENESIS

Gastric cancer is rarely diagnosed in early stages due to
the lack of clinical signs in the early course of the disease.
Therefore, the search for molecular markers that could be
used to identify individuals at an increased risk of gastric
cancer has been a priority for many research groups. Differ-
ent genetic and epigenetic alterations have been identified
and linked with gastric cancer; however, none of them has
been transferred to daily clinical practice due to the lack
of association strength. The only molecular marker that is
currently available for the screening of gastric cancer is E-
cadherin gene mutation, but it is relavant only in heredi-
tary diffuse-type gastric carcinomas (26). Researchers in
the Baltic countries have also studied different molecular
pathways involved in stomach carcinogenesis, which pro-
vide additional valuable knowledge to our understanding
of this complex disease.

A Latvian study assessed the molecular mechanism of
Ca* binding protein NUCB2, which has been implicated
in calcium homeostasis and TNF receptor shedding. They
proposed that NUCB2 may be implicated in gastric secre-
tion via heterotrimeric Galpha proteins and mediating
the exocytosis of secretory granules (27). The study by the
same researchers evaluated the role of transforming acidic
coiled-coil (TACC) proteins that are essential for the mi-
totic spindle function. They have suggested that certain
isoforms of these proteins may represent genetic markers
for gastric cancer and that an inappropriate expression of
the isoforms in gastric cancer cells might result in TACC1
dysfunction thus contributing to genetic instability (28).
An Estonian study compared oxidative phosphorylation
in the atrophic and nonatrophic gastric corpus mucosa.
They found that corpus-predominant atrophic gastritis
is characterized by a decreased respiratory capacity and

relative deficiency of the respiratory complex I of mito-
chondria in the mucosa, the latter defect probably limit-
ing mitochondrial ATP production and the energetic sup-
port of the secretory function of zymogenic mucosal cells
(29). Many investigators have demonstrated alterations of
gastric mucins in H. pylori-infected individuals. In gastric
cancer patients, the Estonian researchers found a higher
level of anti-MUCI IgG than in blood donors, irrespec-
tive of H. pylori status or cancer stage (30). They have sug-
gested that H. pylori infection may stimulate immune re-
sponse to the tumour-associated MUCI peptide antigen,
thus modulating tumour immunity.

Certain genetic polymorphisms have been linked with
the development of gastric carcinoma (31). Contradictory
results have been reported concerning the role of inter-
leukin-1B (IL1B) polymorphisms in gastric carcinogenesis.
In Lithuanian and Latvian studies, IL1B polymorphisms
were analyzed as genotypes and haplotypes in relation to
the presence of atrophic gastritis and intestinal metaplasia
in the stomach (32). Overall data have shown that none of
the major four IL1B polymorphisms, both individually or
in haplotype configuration, was linked to the presence of
premalignant lesions in Caucasians and had no predictive
value for the stratification of subgroups with respect to gas-
tric cancer risk.

Aberrant methylation has been implicated in the de-
velopment of gastric adenocarcinomas. Our data suggest
that methylation is present in the majority of gastric ad-
enocarcinomas and in the surrounding tumour-free area,
indicating that this epigenetic change may indicate a field
effect in the gastric mucosa (33).

CONCLUSIONS

The current prevalence of H. pylori infection and gastric
cancer in the Baltic States resembles those in the West and
Northern European countries several decades ago. The de-
cline in stomach cancer incidence and mortality as well as
H. pylori prevalence in the Baltic States reflects the world-
wide trends. The reasons for the generalized decrease in
gastric cancer rates are complex and not completely under-
stood. Data from the Baltic States show a clear link between
H. pylori infection and the development of gastric cancer.
The data suggest that H. pylori could be more important for
the development of gastric cancer in females than in males,
or males may have more confounding risk factors for gastric
cancer, such as alcohol or tobacco, than females. Research-
ers from the region have conducted valuable fundamental
research in the field that provides additional information
to our understanding of this complex problem. The steady
decline in H. pylori incidence and gastric cancer mortal-
ity in the Baltic countries are likely to persist; however, the
further monitoring of these trends is required. Improving
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the socioeconomic conditions and the application of new
knowledge on cancer prevention, diagnosis and treatment
may substantially reduce the prevalence of H. pylori infec-
tion and gastric cancer mortality in Lithuania, Latvia and
Estonia in the long run.
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HELICOBACTER PYLORI INFEKCIJA, IKIPIKTYBINES
SKRANDZIO LIGOS IR SKRANDZIO VEZYS BALTIJOS
SALYSE (APZVALGA)

Santrauka
1994 m. Pasaulio sveikatos organizacija pripazino Helicobacter py-
lori (H. pylori) infekcija pirmos grupés kancerogenu, sukelian¢iu
skrandzio vézj. Sergamumas ir mir§tamumas nuo skrandzio vézio
pasaulyje uzima antrg, o Europoje — ketvirtg vieta tarp visy onko-
loginiy ligy. H. pylori infekcijos paplitimas ir sergamumas skran-
dzio adenokarcinoma Baltijos $alyse tebéra didelis ir atitinka $iy
ligy daznj Vakary Salyse prie$ kelis desimtmecius. Nors sumazéjes
H. pylori paplitimas ir sergamumas skrandzio véziu Baltijos $alyse
pastaraisiais metais atspindi pasaulines tendencijas, taciau su $ia
infekcija susijusios ligos islieka rimta sveikatos apsaugos proble-
ma. Didelis sergamumas H. pylori sukeltomis skrandzio ligomis
atkreipé Baltijos Saliy mokslininky démesj j $ig aktualig proble-
my. Siame straipsnyje apzvelgiami epidemiologiniai, klinikiniai
ir fundamentalds moksliniai tyrimai, susije su H. pylori infekci-
ja ir jos sukeltomis ligomis, atlikti Lietuvoje, Latvijoje ir Estijoje
1992-2011 metais.

Raktazodziai: Helicobacter pylori, atrofinis gastritas, skrandzio

vézys, Baltijos $alys



