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Helicobacter pylori (H. pylori) is a cosmopolite bacteria and the main responsible for the high burden of gastric
cancer in developing countries, such as Peru. In this review, we describe some historical facts in the H. Pylori
discovery, the first researches of this bacterium in Peru, as well as its epidemiology, clinical characteristics,
diagnosis, treatments, and outcomes. Our literature and review of real-life data suggest that several efforts
should be conducted in our country to deal with antibiotic-resistance and lack of adherence to treatment in order
to reduce our incidence of gastric cancer.

1. Background

Helicobacter pylori (H. pylori) is a gram-negative, spiral-shaped
bacteria that grow in the mucus layer that lines the inside of the human
stomach. It has coexisted with humans for thousands of years and
currently is one of the most common bacterial infections (Kusters et al.,
2006; Mitchell Hazel, 2001). This bacterium causes acute and chronic
gastric inflammation resulting in progressive damage of the gastric
mucosa; thus, it has been associated with a number of important upper
gastrointestinal conditions that include chronic gastritis, peptic ulcer,
distal gastric adenocarcinomas, and gastric lymphomas (Kamangar
et al., 2011; Sanders and Peura, 2002; Sjomina et al., 2017).

The outcome of a specific disease due to H. pylori infection depends
on several factors such as bacterial genotype, host physiology and
dietary habits (Go and Graham, 1994; Labigne and de Reuse, 1996). H.
pylori infection can be detected by various tests (Wang et al., 2015) and,
in many cases, it can be treated successfully with antibiotics (Chey
et al.,, 2017). However, the increase in pharmacologic resistance is
starting to affect treatment efficacy and disease eradication (Boehnke
et al., 2017a; Kusters et al., 2006).

Gastric cancer is an important public health problem, mainly in
developing countries. Infection by H. pylori is the most important risk
factor for gastric cancer development, responsible for almost 90% of
these cases worldwide and approximately 5% of the total of all cancers
(Plummer et al., 2015).

Therefore, a better understanding of epidemiology and pathogenesis
of H. pylori is mandatory to improve diagnostic, prevention and ther-
apeutic strategies. This review focuses on H. pylori infection in Peru,
emphasizing clinical and molecular characteristics.

2. Discovery of H. pylori and its history in Peru

By the late 19th and early 20th centuries, the use of the microscope
described the role of bacteria, yeast, and fungi in diseases pathogenesis.
Nevertheless, at that time it was still unclear whether a specific or-
ganism or the abnormal accumulation of organisms in the stomach was
the cause of gastric diseases (Kidd and Modlin, 1998). Several re-
searchers reported the presence of a spiral bacteria in the stomachs of
humans, some in coexistence with peptic ulcer or gastric cancer
(Palmer, 1954).

Robin Warren, a pathologist at the Royal Perth Hospital (Australia),
had observed for many years that spiral-shaped gastric bacteria were a
common finding in fresh samples obtained by endoscopy of patients
with gastritis. However, even though he was convinced that these
bacteria was strongly associated with gastric diseases, he had not dis-
cussed it extensively with the scientific community at that time, be-
cause of the prevailed dogma that acidity was the cause of peptic ulcer
disease (Kidd and Modlin, 1998; Pajares and Gisbert, 2006). Warren
worked alone until 1982, when Barry Marshall, a medical resident who
was looking for a research project, convinced Warren to investigate
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with him (Moss, 2013). In 1983, together they succeeded in isolating
and cultivating these bacteria, which they called Campylobacter pylor-
idis. Years later they were called Campylobacter pylori, and since 1989,
Helicobacter pylori (Marshall and Warren, 1984; Warren and Marshall,
1983). Late, autoingestion experiments showed that these bacteria can
colonize the human stomach, thus inducing inflammation of the gastric
mucosa (Marshall et al., 1985; Morris et al., 1991; Morris and
Nicholson, 1987).

In 1994, the International Agency for Research on Cancer (IARC) of
the World Health Organization (WHO) classified H. pylori as a Group 1
carcinogen (“Schistosomes, liver flukes and Helicobacter pylori. IARC
Working Group on the Evaluation of Carcinogenic Risks to Humans.
Lyon, 7-14 June 1994,” 1994Schistosomes, liver flukes and
Helicobacter pylori. IARC Working Group on the Evaluation of
Carcinogenic Risks to Humans. Lyon, 7-14 June, 1994“Schistosomes,
liver flukes and Helicobacter pylori. IARC Working Group on the Eva-
luation of Carcinogenic Risks to Humans. Lyon, 7-14 June 1994,”
1994), despite some contradictory results at that time. A few years
later, Tomb et al. (Tomb et al., 1997) completed the sequencing of the
H. pylori genome, which consist of 1 667 867 base pairs (bp). Although
Warren and Marshall did not investigate directly the role of H. pylori in
gastric cancer, they were aware of the relationship between these en-
tities (Warren and Marshall, 1983). For the discovery of H. pylori and its
role in gastric diseases, they received the Nobel Prize in Physiology or
Medicine in 2005 (Julie Parsonnet, 2005).

Since then, the colonization of H. pylori in the stomach has been
increasingly accepted as an important cause of gastric cancer and gas-
tric mucosa-associated lymphoid tissue (MALT) lymphoma, and also
associated with other extra-digestive diseases, such as iron-deficiency
anemia, idiopathic thrombocytopenic purpura, cardiovascular diseases,
hepatobiliary diseases, and diabetes mellitus, among others (J.
Parsonnet et al., 1994; Roesler et al., 2014).

In Peru, the first suspicions of the existence of the H. pylori began in
1983 from the creation of a new method to measure gastric secretion
without intubation, by which it was found that the majority of dys-
peptic patients had hypochlorhydria or low normal levels of acidity.
This led to the suspicion of a high prevalence of chronic atrophic gas-
tritis in Peruvian dyspeptic patients as a cause of the hypochlorhydria
tendency (Leén et al., 1991). Coincidentally, shortly after Gilman, Spira
and Black, professors of the Department of International Health of the
University of Johns Hopkins (Baltimore, U.S.A.) brought to Peru the
news of a newly discovered bacteria, the H. pylori (Leon-Barta, 1985).
Encouraged by these findings, Ratil Leén-Bartia promoted the formation
of a multidisciplinary group to investigate the role of this bacterium in
gastroduodenal diseases. The group was called "Gastrointestinal Phy-
siology Working Group of Cayetano Heredia and the Johns Hopkins
Universities" (Le6n et al., 1991). This group identified the H. pylori by
invasive and non-invasive methods, being the latter cataloged as one of
the most simple and precise methods (correct diagnosis in about 85% of
cases) (Gilman et al., 1986). They proposed that the most appropriate
name for the bacteria should be Campylobacter gasteri, but this proposal
was not taken into account (Le6n-Barta et al., 1987a; Leén-Barta et al.,
1987b).

In the following years, this research group reported many results of
their study. They informed that the relationship between H. pylori and
certain gastroduodenal pathologies (active chronic gastritis, gastric
cancer, active duodenitis, and duodenal peptic ulcer) in Peru was si-
milar to other countries (Ledn et al., 1991; Ramirez-Ramos, 1988). With
respect to the forms of treatment against H. pylori infection, the group
argued that one of the most effective medications was bismuth in its
various compounds (especially subnitrate and subsalicylate); as well as,
the nitrofurans (especially the furazolidone) (Gilman et al., 1987;
Morgan et al., 1988). In addition, they also tried combined treatments
such as bismuth with one or more antimicrobials (Ledn-Bartia et al.,
1991, 1990). Until that moment they could not find a totally efficient
form of treatment since in most cases they only achieved the temporary
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elimination of the infection. All these results have been changing over
time.

3. Epidemiology of H. pylori

H. pylori infection is ubiquitous and affects approximately half of the
humans worldwide, both men and women equally; however, it shows
significant differences in the prevalence of infection both within and
between countries (Mitchell Hazel, 2001; Percival and Williams, 2014).
In general, the prevalence of H. pylori infection in developing countries
is higher than in developed countries (Bardhan, 1997;Graham et al.,
1991; Guillermo I. Perez-Perez et al., 2004). Several studies have shown
low socioeconomic level to be associated with an increased prevalence
of H. pylori infection, in particular in relation to living conditions during
childhood (Malaty and Graham, 1994; Malaty Hoda et al., 2002). So-
cioeconomic level includes factors such as level of hygiene, environ-
mental sanitation, the density of living, and educational opportunities
(Mitchell Hazel, 2001); and its importance in childhood has been de-
monstrated even in studies in monozygotic twins reared separately,
showing that twins with H. pylori infection were reared in homes under
poorer socioeconomic conditions than those of their unaffected co-
twins (Malaty et al., 1998).

It is generally argued that H. pylori infection is acquired mainly in
childhood, and it has been shown that around 10 years old, more than
50% of children around the world carry this bacteria (Pounder and Ng,
1995). Epidemiological data support that the prevalence of this infec-
tion in children less than 10 years old is higher in developing countries
than in developed countries (approximately 13-60% compared to
0-5%). However, above this age, there is a slow increase in prevalence
in both groups (0.5-2% per year) (al-Moagel et al., 1990;Graham et al.,
1991;Mitchell et al., 1992;Perez-Perez et al., 1990). The change in the
prevalence of H. pylori infection among the group of young and older
subjects reflects that the population becomes part of a different cohort,
in which there are gradual improvements such as medical care, sani-
tation, and/or living conditions (Banatvala et al., 1993; Cullen et al.,
1993; Replogle et al., 1996; Sipponen, 1995).

In 2017, through a systematic review and a meta-analysis, Hooi
et al. (Hooi et al., 2017) reported the prevalence of H. pylori infection of
different countries over different time periods. Regions with the highest
prevalence were Africa (70.1%), South America (69.4%), and Western
Asia (66.6%); in contrast, regions with the lowest prevalence were
Oceania (24.4%), Western Europe (34.3%), and Northern America
(37.1%). In addition, by analyzing the prevalence of H. pylori infection
through two periods of time (1970-1999 and 2000-2016), it was ob-
tained that the prevalence after 2000 was lower than before in Europe
(48.8% before 2000 vs. 39.8% after 2000), Northern America (42.7%
before 2000 vs. 26.6% after 2000), and Oceania (26.6% before 2000 vs.
to 18.7% after 2000). In contrast, the prevalence was similar in Asia
(53.6% before 2000 vs 54.3% after 2000), and Latin America and the
Caribbean (62.8% before 2000 vs 60.2% after 2000). The prevalence
has been decreasing mainly due to the improvement in the standard of
living, as well as, the better methods of eradication that have been
implemented (especially in developed countries) (Graham, 2014; Hooi
et al., 2017; Nagy et al., 2016). After extrapolation to the 2015 world
population, Hooi et al. reported that approximately 4.4 billion in-
dividuals worldwide would be positive for H. pylori (Hooi et al., 2017).

In Peru, there is not yet a complete study of the prevalence of H.
pylori, but several reports have been made in the last three decades,
mainly from the Gastrointestinal Physiology Working Group. In the late
1980s, one of the studies of this research group reported that the fre-
quency of H. pylori infection was similar in dyspeptic patients from
different places of the country and with different socioeconomic levels
(A Ramirez-Ramos et al., 1987a, 1987a, 1987b). However, in 1990,
they reported that women with high socioeconomic status showed
lower frequencies of infection; and also a seroepidemiologic survey of
children demonstrated that infection begins in the first years of life,
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predominantly in families from lower socioeconomic levels (The
Gastrointestinal Physiology Working Group, 1990).

A few years later, the same research group reported higher infection
rates of H. pylori in dyspeptic patients from different geographic regions
of the country (the coast, the Highlights of the Andes Mountains, and
the Amazon jungle), where men had rates approximately 10% higher
than for women in the same zone. In addition, higher rates were found
in people from high altitude areas compared to those people living at
sea level (The Gastrointestinal Physiology Working Group of the
Cayetano Heredia and the Johns Hopkins University, 1992).

On the other hand, since it is known that H. pylori infection is very
frequent in Japan (Asaka et al., 1992), the same research group also
decided to investigate a possible racial predisposition to contract the
infection. However, no differences were found between the prevalence
of the Peruvian population and the Japanese colony resident in our
country, both belonging to the same socioeconomic level. A similar
study conducted in 2002, but with a larger number of participants,
confirmed that there was still no evidence that a certain race is more
susceptible to acquire this infection (Alberto Ramirez-Ramos et al.,
2002).

Through a study conducted in the period 1985-2002, Ramirez et al.
observed a decrease in the prevalence of H. pylori in a Peruvian popu-
lation, residents in Lima, from medium and high socioeconomic levels
with chronic active gastritis (from 83.3% to 58.7%; p < 0.001), duo-
denal ulcer (from 89.5% to 71.9%; p = 0.004) and gastric ulcer (from
84.8% to 77.3%; p = 0.36). This finding was particularly important
since until that moment this phenomenon had been described only in
developed countries. This result generated some hypotheses such as, for
example, that during this period of time there was an improvement in
water potability (generally accessible only to people with medium and
high socioeconomic status), which in turn could have cause a decrease
in reinfection rates. Likewise, this could also be due to an increased
consumption of antibiotics in this population (Alberto Ramirez-Ramos
et al,, 2003). In 2017, Pareja-Cruz et al. (Pareja Cruz et al., 2017)
calculated a similar prevalence (63.6%) in adult populations of Lima
through a rapid test called H. pylori Ab Combo Rapid Test CE from CTK
Biotech, without finding differences between gender and age.

4. Transmission and sources of H. pylori

Since the niche of H. pylori is the human stomach, it is suggested
that ingestion would be the most likely route to acquire the bacteria and
through a common environmental source (Mitchell Hazel, 2001). It is
believed that new infections occur as a direct result of human to human,
through an oral-oral, gastro-oral, fecal-oral route, or combination of
any of them. This bacteria has been detected in saliva, vomit, gastric
reflux and feces, but there is no conclusive evidence of predominance of
transmission through any of these products (Allaker et al., 2002;
Ferguson et al., 1999, 1993; Kabir, 2004; Leung et al., 1999; J.
Parsonnet et al., 1999).

In particular, animals and water have been considered as potential
sources of H. pylori infection (Mitchell Hazel, 2001). However, it should
be noted that this bacteria has been isolated on rare occasions from
domestic and commercial animals (Brown et al., 2001; Dore et al.,
2001). It has been found in domestic cats and non-human primates;
nevertheless, contact between humans and these animals is rare, so it is
unlikely that they have an important role in the transmission of this
bacteria (Handt et al., 1994, 1997). The domestic housefly was also
considered a potential reservoir and vector for the transmission of H.
pylori; but it could not be isolated from houseflies (Osato et al., 1998).

Water is considered an important source of transmission of several
diseases, both acute and chronic, being one of the latter caused by H.
pylori infection (Bartram and Cairncross, 2010; World Health
Organization, 2013). However, water is not a suitable medium for the
growth of H. pylori, since it does not have enough nutrients and may
contain chemical disinfectants that inhibit the growth of bacteria. The
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presence of H. pylori in water is mainly due to fecal contamination, but
it should be noted that it has also been detected worldwide in surface
water, well water, drinking water and seawater through the application
of molecular techniques (Araujo Boira, 2015).

On the other hand, several studies have also shown that this bac-
terium can survive in water through its ability to form biofilms, struc-
tures that would provide a stable environment under stress conditions;
as well as, a concentration mechanism for the subsequent detachment
of a group of infectious cells. The biofilms can be adhered to some
surface or swimming freely in the liquid medium (planktonic phase), in
the latter the bacteria are in a reversible state of "viable, but not cul-
tivable", main reason for its low detection rate by standard methods of
culture (Giao et al., 2008; Percival and Thomas, 2009).

Many communities, especially from developing countries, have lack
access to reliable sources of drinking water or sanitation services, so
they have to consume water from nearby sources such as rivers and
streams on a daily basis, or depend on municipal water wells (“WHO |
Water for life,” 2005). That is why many individuals from these com-
munities are more likely to suffer various gastrointestinal problems,
some of which may be related to H. pylori (Aziz et al., 2015; Engstrand,
2001; Fogarty et al., 1995).

5. Water as the main source of transmission of H. pylori in Peru

Epidemiological studies have shown an association between the
prevalence of H. pylori infection and water-related sources (Aziz et al.,
2015). In Peru, probably the most important route of infection is fecal-
oral through contaminated water (Klein et al., 1991; Mai et al., 1989).
Klein et al. (Klein et al., 1991) published one of the first reports in the
world that suggested water as a source of H. pylori infection. They used
the urea breath test to examine the H. pylori infection in 407 Peruvian
children (the probable stage in which individuals become infected)
from Lima, obtaining a prevalence of 48%. This result was related to
their socioeconomic level, prevalence was higher among children from
low-income families (56%) than among those from high-income fa-
milies (32%); and related to their water supply, children whose homes
had external water sources are three times more likely to be infected
than children whose homes had internal water sources.

Some years later, Hulten et al. (Hulten et al., 1996) detected H.
pylori DNA in 46% (11/24) of drinking water samples collected from
these same communities, even though most of the samples analyzed
came from water provided by the municipality of Lima. These findings
were consistent with the report of Ramirez et al. (Ramirez et al., 2004),
where they found H. pylori in the water from the Atarjea treatment
plant, which supplies drinking water to the entire city of Lima since
1956 and whose main source is the Rimac River (Hitos histéricos -
sedapal.com.pe, 2018), so the population that uses water from this
plant would have a higher risk of becoming infected with H. pylori.

In 2015, the Instituto Nacional de Estadistica e Informatica (INEI)
presented the document “Pert: Evolucién de los Indicadores de los
Objetivos de Desarrollo del Milenio al 2015”, in which it was shown
that Peru continues making great efforts to increase the coverage of
drinking water and sanitation services. In urban areas, coverage of
drinking water services increased from 85.3% in 2002 to 92.2% in
2015; however, the coverage was still limited in rural areas, from
39.9% in 2002 to 64.9% in 2015. According to the socioeconomic
condition, substantial differences were observed, reflecting the high
level of inequality of income. In addition, in terms of drinking water,
there is a need to improve coverage, the quality of the water delivered
and its effective disinfection, as well as reduce the problems of inter-
ruption of supply and levels of loss (INEL Instituto Nacional de
Estadistica e Informaética, 2017).

On the other hand, the proportion of the population with access to
improved sanitation services has risen in the country, both in urban and
rural areas. In 2002, 60.0% of the country's population, 79.8% in urban
areas and 15.5% in rural areas accessed this service; and by 2015,
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access reached 78.3% of the country's population, 88.4% of the urban
area, and 45.4% of the rural area. According to the socioeconomic level,
there is low coverage in the poorest stratum in the treatment of urban
wastewater, which is the main cause of serious pollution problems.
Although it is true that the socioeconomic level could condition the lack
of basic sanitation and therefore favor possible contamination of
drinking water; at present we are aware that there is also the possibility
that the water that reaches households may already be contaminated,
causing a H. pylori infection, mainly in children (INEI Instituto
Nacional de Estadistica e Informatica, 2017).

In recent years, several studies have been carried out in the Lima
population, providing evidence of the presence of H. pylori DNA in the
drinking water. One of them was published by Valdivieso et al.
(Valdivieso et al., 2016), in which they detected H. pylori in 59% (109/
185) of the biopsies analyzed by histology, belonging to individuals
living in high (69.5%) and low (35%) risk districts of Lima. Likewise,
they evaluated these positive samples again through quantitative
polymerase chain reaction (qPCR), obtaining that 97% (106/109) of
gastric biopsies, 48.2% (42/87) of their sources of drinking water, and
36% (18/50) of water biofilm samples were positive.

In 2017, a thesis work evaluated the prevalence of H. pylori in
drinking water consumed by patients diagnosed with gastric cancer and
H. pylori infection. All the patients lived in Lima and were treated at the
Instituto Nacional de Enfermedades Neoplasicas (INEN) during the
period 2015 - 2016. Of the 84 water samples evaluated, he reported a
prevalence of H. pylori of 11.90% (10/84), with at least one positive
result in one of the two colonization factors evaluated (ureA and hspA),
6 of them being located in areas designated as human settlements
(Bernabé-Monsalve, 2017). A related study at the INEN, obtained a si-
milar result. The water samples analyzed for H. pylori colonization
factors in the patient’s homes were positive in 13.46% (7/56), despite
the fact that the most of the sources of supply were drinking water
(76.9%) and consumption of boiled water (74.8%) (Custodio-Zegarra,
2017).

A recent study collected drinking water for one year from a single
faucet of a district of Lima, and through qPCR analysis, they obtained
that 20.3% (49/241) of these samples was contaminated with H. pylori.
This work demonstrated that there is a continuous contamination of the
water supply in this district, suggesting that this could also be hap-
pening in other districts of Lima (Boehnke et al., 2018).

6. Epidemiology of gastric cancer

According to GLOBOCAN 2018, gastric cancer is the fifth most
common cancer worldwide (1,133,701 new cases per 100,000 in-
habitants); with the highest incidences in Eastern Asia, Central and
Eastern Europe, and Latin America and the Caribbean, occurring mainly
in developed countries. The age-standardized rate (ASR) is high in men
than in women, ranging from 4.7 Eastern Africa to 32.1 in Eastern Asia
for 100,000 men and from 2.6 in Southern Africa to 13.2 in Eastern Asia
for 100,000 women. Likewise, it is the fifth most lethal cancer in both
sexes worldwide (782,685 deaths each year). The highest mortality
rates are in Eastern Asia (23.0 per 100,000 in men and 9.4 per 100,000
in women) and the lowest in North America (2.4 and 1.3, respectively)
(Bray et al., 2018).

In Latin America and the Caribbean, both the incidence and mor-
tality of gastric cancer are very varied between countries, and even
between men and women. In men, the highest incidence has been re-
ported in Chile (26.9) and the lowest in Guyana (3.7); while the highest
mortality has been reported in Chile (17.9) and the lowest in Puerto
Rico (3.8). In women, the highest incidence has been reported in
Guatemala (14.2) and the lowest in El Salvador (2.0); while the highest
mortality has been reported in Guatemala (17.1) and the lowest in
Barbados (1.8) (Bray et al., 2018). Furthermore, a work performed by
Recavarren-Arce et al. reported that some of the highest mortality rates
are in the Andes from Venezuela to Chile and in Sierra Madre from
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southern Mexico to Costa Rica, supporting that these gastric cancer
rates would be related to altitude and other factors related to this, such
as geographical barriers, host genetics, bacteria, diet, smoking, and
environmental factors. For example in Peru, people with gastric cancer
have more severe gastric lesions in La Oroya (a city located at 3700 m
above sea level) than patients from Lima (a city located at sea level)
(Recavarren-Arce et al., 2005).

Between 1970 and 2007, the incidence and mortality of gastric
cancer decreased in nearly all populations, mainly in European and
Asian countries, among which Japan is one of the countries that shows
the greatest reduction in both cases. In contrast, in the same period of
time, both the incidence and mortality in Oceania and America also
decreased but remained relatively stable, except for Costa Rica and
Colombia (Bray et al., 2018; Plummer et al., 2015). The decrease in
both the incidence and mortality of gastric cancer may be due to the
decrease in the prevalence of H. pylori infection, as well as, to im-
provements in sanitation and preservation of foods and changes in
habits such as the decrease of tobacco smoking (Di Sibio et al., 2016).
However, Latin America and the Caribbean still report some of the
highest rates in the world. It has been estimated that by 2040, Latin
America will increase its burden by approximately 90% (128,656 new
cases and 102,463 deaths) (Bray et al., 2018).

In Peru, the ASR incidence of gastric cancer is 16.1 per 100,000
inhabitants. It is the second most common cancer in men (19.3) and the
third one in women (13.4) (Bray et al., 2018); likewise, the mortality
rate is high in both men (14.5) and women (11.3). Callao, Huanuco,
Ayacucho, Huancavelica and Apurimac are the five departments with
the most registered cases of gastric cancer, being four of them (Hua-
nuco, Ayacucho, Huancavelica and Apurimac) regions with high pov-
erty rates (33.3-36.8%) (INEL Instituto Nacional de Estadistica e
Informética, 2018; Ramos-Muios and Venegas-Ojeda, 2013). The
highest mortality rates (greater than 20.3) have been reported in
Huanuco, Huancavelica and Pasco, departments with high levels of
poverty and living in the highlands, with rates up to six to seven times
higher than other departments (Pifieros et al., 2017; Ramos-Mufos and
Venegas-Ojeda, 2013). These results are consistent with the fact that
the incidence and mortality of gastric cancer are greater among low
socio-economic groups and populations who reside at high altitudes
(Recavarren-Arce et al., 2005; Torres et al., 2013).

Data from the Registry of Cancer of Metropolitan Lima (Instituto
Nacional de Enfermedades Neoplasicas, 2016) shows a decrease in the
gastric cancer incidence from 34.35 per 100,000 males in the period
1968-1970 to 21.22 in the period 2010-2012. In the same way, in-
cidence in women has decreased from 19.28 to 13.79 in the same
periods. Interestingly, is seen a lower incidence in gastric cancer in
districts whose population had higher incomes and better sanitary in-
frastructure (San Isidro, Miraflores, La Molina) in contrast to districts
with lower incomes (San Juan de Lurigancho, El Agustino, Villa El
Salvador). On the other hand, ASR incidence of gastric cancer in the
affiliates population of Oncosalud-AUNA (a private pre-payment system
with approximately one million affiliates), mainly from the A and B
socioeconomic sectors, is dramatically lower than the incidence re-
ported to Metropolitan Lima or Peru (Fig. 1).

7. H. pylori infection as a major risk factor for gastric cancer

The variation in the incidence and mortality rates of gastric cancer
are the result of differences in the distribution of factors associated with
the disease across the world. The main risk factors that make a person
more likely to develop gastric cancer are low socioeconomic status,
habits such as smoking or drinking alcohol, dietary factors (consump-
tion of total fruits, total vegetables, green vegetables, chili pepper, total
meat, processed or salted meat, red meat, fish, and others), human
genetic variations (IL1B-31C, IL1B-511 T, ILIRN*2, TNFA-308 A, TP53
codon 72 Arg and GSTM1 null), H. pylori infection, Epstein-Barr virus
infection, and personal characteristics (body mass index, ethnicity,
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Fig. 1. Comparison of gastric cancer incidence in different sce-
narios: Worldwide (GLOBOCAN 2018), South America (GLOBO-
CAN 2018), Peru (GLOBOCAN 2018), Metropolitan-Lima
(Registry of Cancer of Metropolitan Lima), USA (GLOBOCAN
2018) and in a Peruvian Private Institute (Oncosalud-AUNA). The
gastric cancer incidence in Oncosalud-AUNA cohort was estimated
with 1,478,858.9 individuals - years of follow-up.

place of birth, family history of gastric cancer) (Bonequi et al., 2013).

Currently, H. pylori is considered the most important risk factor for
the development of gastric cancer. Despite the colonization of H. pylori
is not a disease by itself, it is a condition that increases the risk of de-
veloping important upper gastrointestinal conditions (Parsonnet et al.,
1994; Roesler et al., 2014) since induces an acute and chronic in-
flammatory reaction in gastric mucosa. In most people, this bacterium
does not cause any symptoms; however, a prolonged inflammatory
reaction contributes to the malignant transformation of the epithelium
(Kamangar et al., 2011; Sanders and Peura, 2002).

Several studies have shown that approximately 90% of cases of
gastric cancer are attributed to H. pylori; however, it is important to
note that gastric carcinogenesis cannot be explained only by H. pylori
infection, since only a small percentage (2-5%) of individuals infected
with this bacterium develop this malignancy (Pinto-Santini and Salama,
2005). For example, in Latin America and the Caribbean, where there is
a high prevalence of H. pylori infection (greater than 65%) (Parkin,
2006), it has been reported a high incidence of gastric cancer (8.7 new
cases per 100,000 inhabitants). In contrast, in Africa, where a high
prevalence of this bacterium is also reported (greater than 70%), there
are few cases of gastric cancer (less than 4.5) (Hooi et al., 2017).

The intensity of damage that H. pylori could cause will depend on
the host, the environment, and the strain of the bacteria (Kabir, 2009).
In regard to the host, its genotype plays an important role in the clinical
outcome, as well as, the anatomical distribution where the bacteria
colonize. Some studies have reported that individuals carrying poly-
morphisms in the inflammation-related cytokine genes IL-1B, IL-1RN,
IL-16 and TNF-a, as well as, in TLR4 gene, generate more inflammation
in response to H. pylori infection, which increase the risk of developing
gastric cancer (El-Omar et al., 2001; Kamangar et al., 2006; Machado
et al., 2003; Qin et al., 2014). Furthermore, H. pylori infection is more
associated with non-cardia (approximately 90% of cases) than cardia
gastric cancer (Plummer et al., 2016).

Concerning to environmental factors, several studies have shown
that tobacco smoking and diet plays an important role; the high intake
of salted, pickled, or smoked foods, dried fish and meat, alcohol and
refined carbohydrates significantly increases the risk of developing
gastric cancer because they can generate carcinogens. In contrast, fiber,
fruits, and fresh vegetables have a protective effect against gastric
cancer thanks to their high concentrations of antioxidant substances
(Shu et al., 2013).

H. pylori has a high genetic diversity, which is attributed to its high
rate of mutation and intraspecies genetic recombination. Its strains
from unrelated individuals are not only different in the sequences of
individual genes but also differ in gene content and chromosomal or-
ganization (Cover, 2016). Many studies have shown that there are
geographical differences between strains of H. pylori, mainly due to
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human migrations over time from Africa to different parts of the world.
These differences could be a potential factor that helps explain the
variation in the incidence of H. pylori-associated diseases in various
parts of the world (Falush et al., 2003; Linz et al., 2007).

The main difference between strains is whether or not they are
carriers of the cytotoxin-associated gene pathogenicity island (cag PAI),
a region of 40 kb that encodes the cagA oncoprotein and components of
the type IV secretion system. This system delivers cagA to the cytosol of
the gastric epithelial cells, it is subsequently phosphorylated by host
cell kinases and interacts with multiple targets, profoundly altering host
cellular functions (Cover, 2016; Olbermann et al., 2010). Due to the
effect cagA causes, this has been extensively studied, demonstrating
that individuals carrying cag PAI have an increased risk of developing
severe gastrointestinal diseases such as gastric cancer (Blaser et al.,
1995; Plummer et al., 2007; Yong et al., 2015). Another widely studied
virulence factor is vacA, which is present in all strains of H. pylori but
has a different effect on their hosts depending on their structure. Strains
type s1/il/m1l of vacA are associated with a higher risk of gastric
cancer or premalignant lesions; and this is possibly due to its high ca-
pacity to injure gastric epithelial cells, alter parietal cell function and
gastric acidification, and interfere with immune cell function (Cover,
2016; Roesler et al., 2014). In summary, several studies have reported
that the risk of gastric cancer increases in people infected with cag PAI-
positive strains containing s1/il/m1 of vacA, babA, homB, type I hopQ,
and in frame oipA alleles (Cover, 2016).

In East Asia, where the highest incidences of gastric cancer are re-
ported, almost all strains of H. pylori are cag PAI-positive, type sl vacA,
and carriers of the other specific markers already mentioned, which
could be one of the factors that contribute to the high rate of gastric
cancer in that region. In contrast, in the USA and Western Europe (4.1
and 5.8 new cases per 100,000 inhabitants, respectively) are commonly
found cag PAl-negative strains containing alleles type s2 vacA and
lacking babA (Bray et al., 2018; Cover, 2016). On the other hand, in
Peru, where gastric cancer is the most common cancer and cause of
cancer death in both sexes (Bray et al., 2018), more than 90% of the H.
pylori strains in Lima are carriers of the cagA gene (Soto et al., 2003).

Some studies carried out in 2017 at the INEN show the high pre-
valence of H. pylori in patients with gastric cancer. One of these studies
reported that 54.76% (46/84) of this population had H. pylori according
to pathological study; while with molecular evaluation it was found
that 94% (79/84) were positive for this bacterium (Bernabé-Monsalve,
2017). A related study reported that 84.7% (122/144) of patients with
gastric cancer were positive for the presence of H. pylori. In addition,
these cases presented at least one of the virulence factors: 79.9% po-
sitive for both cagA and vacAs, and 77.8% for vacAm; as well as they
presented the colonization factors: 65.3% positive for ureA, 83.3% for
hspA, and 84.7% for both of these factors (Custodio-Zegarra, 2017).
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8. Diagnosis of H. pylori infection

Since the discovery of H. pylori in 1983, several diagnostic tests for
the detection of this bacterium have been developed; each of them with
some advantages and disadvantages. These tests are generally classified
as invasive and non-invasive, and usually, the combination of more
than one of them gives an accurate and satisfactory diagnosis (Ricci
et al., 2007).

Invasive tests are very useful because the bacterium is detected di-
rectly and, therefore, they are highly sensitive and specific (greater than
90%). They are performed through endoscopy biopsy followed by any
of these options: 1) histology by staining with Giemsa, Warthin-Starry,
Waysson, and others; considered as “gold standard” in routine hospital
diagnostics; 2) culture, which is the most specific method (100%) al-
though not very sensitive; moreover it has the advantage of being able
to perform antibiotic sensitivity tests; 3) rapid urease test, which is very
fast but sometimes requires an additional test for confirmation because
it gives false positives; and 4) molecular tests including in-situ hy-
bridization and the polymerase chain reaction (PCR), which detect H.
pylori when is undetectable by other methods due to low bacterial
density, and also they allow the simultaneous detection of specific
mutations that lead to resistance to antibiotics and virulence factors;
however, it is recommended to use it for research purposes because
they are expensive and technically demanding, and also highly sensitive
(generate false positives due to detection of non-pylori Helicobacters)
(Patel et al., 2014; Ricci et al., 2007).

Despite the several advantages offered by invasive tests, they are
expensive and generally applicable only to tertiary level laboratories.
Because of this, non-invasive tests emerged, which also have a high
sensitivity and specificity (some greater than 90%). They include 1)
serological tests (ELISA, latex agglutination and western blot) that de-
tect IgG antibodies in serum, urine and saliva; and can be performed by
most hospital or clinic laboratories; however, they are not useful as
markers of infection activity, so they are mainly used for epidemiolo-
gical studies; 2) the urea breath test, where patients ingest urea labeled
with 3C or *C, is very useful, fast and reliable to evaluate the eradi-
cation of the bacteria; but it has limited use because of its high cost; and
3) stool antigen tests, enzyme immunoassay (EIA) and
munochromatography (ICA), which are less expensive than the urea
breath test, and they are used for the initial diagnosis of the bacteria
and for the assessment of eradication therapy, especially in children
and post gastric surgery patients (Patel et al., 2014; Ricci et al., 2007).

In Peru, one of the first invasive tests used was performed by Gilman
et al. in 1986, by rubbing the gastric mucosa with a brush for cytology
and staining it with Gram reagent. Also, they cultured the bacteria in
Butzler or Skirrow media. This method was cataloged in that time as
one of the most simple and precise, with an approximate specificity of
85% (Gilman et al., 1986; A Ramirez-Ramos, 1988). Currently, all the
tests mentioned above are available in this country, used both for di-
agnosis and for research; however, it is important to note that since in
Peru we have a high incidence of gastric cancer, it is recommended that
chronic dyspeptic patients undergo an endoscopy as the first diagnostic
test (Ramirez-Ramos et al., 2003).

im-

9. Treatment of H. pylori infection

There are many schemes for treating H. pylori infection; however, an
optimal treatment has not been defined, and usually, a combination of
several antibiotics along with a proton pump inhibitor (PPI) is used to
eradicate the infection. Before choosing a treatment regimen for H.
pylori, patients should always be asked if they have previously received
antibiotic treatment; and this information must be incorporated into the
decision-making process (Chey et al., 2017).

For the first line therapies, clarithromycin triple therapy includes
PPI plus two antibiotics, clarithromycin and amoxicillin for 14 days, or
metronidazole as an alternative to amoxicillin in patients with allergy

27

Critical Reviews in Oncology / Hematology 134 (2019) 22-30

to penicillin; however, the last one is not a Food and Drug
Administration (FDA)-approved treatment regimen. This therapy
should be recommended to patients with no previous history of mac-
rolide exposure and if the rate of resistance to local clarithromycin is
low (less than 15%) because it can generate greater resistance (Chey
et al., 2017). Potent acid suppression with PPI or VON (vonoprazan, a
new suppressor of acid secretion that works by competitive inhibition
of potassium channels) can help overcome, although only partially, the
antimicrobial resistance of the bacterium (Murakami et al., 2016).

Bismuth quadruple therapy should be strongly considered as the
initial treatment choice if a patient has previously been treated with
macrolides for any reason or in regions where the rate of clarithromycin
resistance is high. This therapy consists in a PPI or histamine-2 receptor
antagonist plus bismuth and the antibiotics tetracycline and me-
tronidazole for 10-14 days (Chey et al., 2017). A meta-analysis study
suggests that clarithromycin triple and bismuth quadruple therapies
had similar efficacy, compliance, and tolerability (Luther et al., 2010).
The compounds prescribed separately are not an FDA- approved
treatment regimen; but pylera, a combination of all these compounds
administrated for 10 days, is an FDA-approved treatment regimen.
Quadruple therapy without bismuth includes a PPI and three anti-
biotics, amoxicillin, clarithromycin, and nitroimidazole (metronidazole
or tinidazole), either in concomitant therapy (the four compounds ad-
ministered together for 3-10 days) or in sequential therapy (PPI plus
amoxicillin for 5-7 days, followed by a PPI plus clarithromycin and a
nitroimidazole for an additional 5-7 days) (Chey et al., 2017).

Other suggested first-line therapies options are hybrid therapy (PPI
and amoxicillin for 7 days followed by a PPI, amoxicillin, clari-
thromycin and a nitroimidazole for 7 days), levofloxacin triple therapy
(PPI, levofloxacin, and amoxicillin for 10-14 days), levofloxacin se-
quential (PPI and amoxicillin for 5-7 days followed by a PPI, amox-
icillin, levofloxacin and a nitroimidazole for 5-7 days), and LOAD (le-
vofloxacin, PPI, nitazoxanide and doxycycline for 7-10 days). All these
therapies are not approved for the FDA (Chey et al., 2017).

All these multi-drug therapies have the objective of eradicate H.
pylori and prevent gastric cancer; however, this can only be achieved if
there is adherence to treatment (take the medication according to the
dose and time indicated by the physician). The lack of adherence to
treatment causes treatment failures in antibiotic-sensitive patients and
in the subsequent development of antibiotic resistance. The main causes
of adherence to treatment are: the complexity and side effects of
treatment, treatment efficacy, therapy duration, cost of the medica-
tions, motivation of the physician towards the patient and cultural
factors of the patient (O’Connor et al., 2009).

In 2017, Boehnke et al. demonstrate a high incidence of primary H.
pylori antibiotic resistance in Lima to antibiotics used in the standard
triple therapy. They reported 32.9% (25/76) resistance to amoxicillin,
29.7% (34/118) to clarithromycin, 3.7% (3/81) to tetracycline, 44.4%
(76/171) to levofloxacin, 59.1% (101/171) to metronidazole, and
46.1% (35/76) to rifampicin. This would mean that in Peru there is a
response to the treatment of H. pylori infection lower than expected,
causing that the total eradication of this bacterium in this country to be
more challenging (Boehnke et al., 2017b).

Unfortunately, in the routine in the public setting in Peru, 13.5% of
patients diagnosed with H. Pylori infection are not treated, while in
patients receiving therapy, 21.7% are refractory to the first-line treat-
ment and 32.5% are lost in follow-up. This data shows that ~70% of
our patients diagnosed with H. Pylori in the public setting have a high-
risk to a further gastric cancer (Table 1).

10. Conclusions

Although there are greatest advances in the understanding of the
molecular biology of gastric cancer and its relationship with the H.
Pylori, we have to face to great challenges to improve the primary at-
tention of patients infected with this bacterium in Peru in order to
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Table 1
Patterns of treatment of patients infected with H. pylori in the public setting in
Peru.

n %

Patients with H. Pylori infection

Yes 96 42.5

No 130 57.5
Patients receiving therapy

Yes 83 86.4

No 13 13.5
First-line therapy

PPI + Amoxicillin + Clarithromycin 83 100
Response to therapy

H. pylori erradicated 38 45.8

Refractary 18 21.7

Lost in follow-up 27 32.5

“All patients diagnosed with dyspeptic syndrome that undergo biopsy (n = 226)
at the Hospital San José of Callao, period 2015. Abbreviations: PPI, proton
pump inhibitor.

reduce our high burden of gastric cancer that affects mainly to poor
patients.
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