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Abstract — When Helicobacter pylori was identified in the stomach mucosa, its presence was shown to cause
gastritis, peptic ulcers, and cancer. As a result, the bacterium was classified as definitively harmful, and its
eradication became a mandatory therapeutic indication. Subsequent studies showed that (i) eradication of the
bacterium was associated with reflux esophagitis and esophageal cancer; (ii) in African, Indian, Asian, and
even European populations of the last century, the presence of the bacterium was not associated with gastritis,
peptic ulcers, and cancer; and (iii) the presence of H. pylori had some beneficial effects. Further studies re-
vealed that the harmful effects of H. pylori do not occur when intestinal worms are present.

These data suggest that a simple analysis of the association of H. pylori presence with certain pathologies is
incomplete and misleading. Conversely, in the interpretation of evolutionary medicine, it is necessary to con-
sider the interactions between H. pylori and other components of the human holobiont (i.e., human species,
plus the species coexisting with it). An alteration in the ancestral relationships among the components of the
human holobiont, for example by elimination of one or more species considered pathogenic, represents a cause
of holobiont imbalance with plausible negative effects on the host’s health.

The eradication of intestinal worms or H. pylori, or both, and the concomitant alteration of microbial ecosys-
tems of the human holobiont are a plausible cause of harmful and even lethal diseases that are increasingly
widespread in the modern world.

Keywords: Evolutionary medicine, Human holobiont, Helicobacter pylori, Helminth infection, Gastritis,
Gastric cancer, Reflux esophagitis, Peptic ulcers, Esophageal cancer.

INTRODUCTION

The subject of this review is the study of some interconnected diseases, such as gastritis, duodenitis,
reflux esophagitis, and their complications (duodenal and gastric ulcers, stomach cancer, Barrett’s
esophagitis, esophageal ulcers and cancer), using the logic and tools of evolutionary medicine.
“Evolutionary medicine is the enterprise of using evolutionary biology to address the prob-
lems of medicine™. If it is true that studying and understanding biological phenomena requires
analyzing them in light of evolutionary mechanisms?, and considering that medicine is an applied
branch of biology, it is also essential to study and try to understand diseases in light of evolu-
tionary mechanisms?. This means that the evolutionary approach to medicine is not an academic
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curiosity of little practical importance but a radical change in medical rationale with enormous

implications for the prevention and treatment of diseases, the reduction of their frequency and the

general improvement of health*¢.

In current medicine, when discussing diseases, attention is focused on the symptoms, the
pathogenetic mechanisms, the causes related to them, and from there on the actions that can
treat the symptoms, normalize the pathogenetic mechanisms, and definitively cure the disease’®.

Taking a somewhat different approach, evolutionary medicine focuses on the primary causes
of disease, because if these causes are modifications of the ecological niche to which the species
is adapted, the diseases can be prevented or at least slowed by eliminating or compensating for
these modifications®.

However, for the subsequent discussion in this paper, some concepts and definitions of evo-
lutionary medicine are preparatory and indispensable®:

— A random modification increases the entropy of a system: Given that entropy defines the de-
gree of disorder in a system, based solely on statistical considerations, it tends to increase in
a closed system if there are no external forces acting on it°. If a random modification occurs in
a complex system, such as a living organism or the complex relationships between a species
and its natural habitat or other species, the modification increases the degree of disorder in
the system and is a potential cause of dysfunction.

— Ecological niche of a species: The ecological niche of a species can be defined as the range of
conditions under which it is adapted. This concept includes, among other things, physical en-
vironmental conditions, diet, lifestyle, response to encounters with individuals of other species
(attack, flight, coexistence, etc.), and the network of relationships with other species living in
the same physical habitat or even on the external or internal body surfaces of a host species.
In short, the concept of ecological niche concerns any aspect of the lives of individuals of a
species, whether considered singly or in relation to individuals of other species. The central
concept of Darwinian evolution is that, through natural selection, a species adapts as best as
possible to its ecological niche. The selection of the fittest does not simply coincide with the
selection of the strongest: sometimes the fittest is the one who flees the most and best, other
times the fittest is the one who cooperates most with other individuals of the same species
or other species, and one could continue with many examples of greater aptitude that do not
coincide with the idea of a greater strength.

— Mismatch: The adaptation of a species to the multiple and often changing characteristics of its
ecological niche is a complex system that can easily be compromised by a change in the eco-
logical niche. Therefore, the most likely consequence of a random change in the ecological niche
is dysfunction, that is, a disease*. A “discordance”® or “mismatch”' between the conditions to
which a species is adapted and new ecological niche conditions is a frequent cause of disease.

— Holobiont: In the traditional Darwinian conception, an individual of a species is generally consid-
ered an isolated and autonomous entity struggling to survive against other individuals of the same
species and all other species. With the nineteenth-century discovery of pathogenic microbes that
caused even fatal diseases and terrible epidemics, this conception was so accentuated that the
ideal individual became one that lived in a sterile environment and therefore was free from contact
with any microbial species, considered as probable or potential causes of even fatal harm.

This idea has been completely superseded by the concept of “holobiont”, consisting of a main
species (“host biont,” or simply “host”) and a myriad of other microbial and non-microbial spe-
cies (“bionts”) that coexist on the host’s external and internal surfaces, as well as in body fluids
and cells. The concept of the holobiont was first proposed in 19432 and revived in 1991, with its
definition changing over time'. An alternative name is supraorganism or superorganism'.

The human holobiont is extraordinarily complex. In addition to the host species, it consists of
a large number of unicellular species (bacteria, Archaea, viruses, fungi, protozoa, mycoplasma)'®
and multicellular species (intestinal worms, mites, etc.)".

The number of bacteria has been estimated to be approximately 3.8x10', which is higher than
the estimated number of cells (approximately 3x10%%)®. The human holobiont comprises a number
of complex ecosystems, including those of the gut, skin, oral cavity, and respiratory system, and
the genetic information of bacterial species that exist in the various ecosystems of the human
body has been estimated to be 150 times greater than that of the human genome'®. The metabolic
capacity of the gut microbiome is comparable to that of the liver, so much so that its description
as “an additional human organ” appears justified™.
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In a holobiont, the interconnections between human host and bacterial bionts are intricate
and largely unknown. A particularly interesting finding is the presence of specific oligosaccha-
rides [human milk oligosaccharides (HMOs)] in human milk. The number of identified HMOs
was 70 in 20112° and rose to approximately 200 seven years later?'. They serve as prebiotics
for specific species of lactobacilli and bifidobacteria and perform functions, which are only
partially understood, which involve cooperation between mother, bacteria, and the newborn
baby?2. Without these beneficial actions, the existence of HMOs would be difficult to justify in
evolutionary terms.

Another well-known case is that of specific intestinal bacteria that synthesize vitamins useful
or necessary for host health?24,

Even considering our great ignorance regarding the bacterial ecosystems of our holobiont, the
balance of the relationship between these bionts and the host has been considered important for
the health of the host?.

Regarding Archaea, they represent key species in various ecosystems of our holobiont?¢, par-
ticularly in the gut?”. Archaeal species are also present elsewhere, such as in the subgingival
plaque of the oral mucosa (Methanobrevibacter oralis?®) and on the skin (Thaumarchaeota?®).

The number of viruses has been estimated to be approximately 103, which is on the same
order of magnitude as that of bacteria®®. Under healthy conditions, viruses are found in virtually
every part of the host organism?'-32, even in parts thought to be sterile, such as blood?®33, cere-
brospinal fluid®4, and breast milk®. The links between viruses and their hosts are so ancient and
close that the percentage of human DNA of viral origin has been estimated at approximately 8%°%.

As for the helminths, their presence is widespread in populations that live in conditions closer to
those to which we are adapted®38. Helminths are the subject of great attention because of the pathol-
ogies that derive from them, but they are also well-known to be essential for immune regulation3°4°,

Even today, two species of mites (Demodex folliculorum and Demodex brevis), small arthro-
pods of the subclass Acari that are highly adapted to our species, are normally present in pilose-
baceous follicles*“2. Each individual hosts 1,000-2,000 mites*?, and their possible role in some
pathological skin conditions has been investigated*. However, it seems necessary to study the
possible effect of their absence, which would interrupt an ancestral symbiotic relationship be-
tween these mites and humans.

These brief remarks give an idea of the intricate relationships between hosts and other bionts
in the human holobiont.

— Diseases caused by alterations of the ecological niche regarding the holobiont: The extensive
discussion in a book recently published® highlights that a large number of diseases originate
from rapid or sudden changes (on an evolutionary timescale) in our ecological niche, leading
to a mismatch between our species’ adaptation to the previous ecological niche and the new
condition. These possible changes, which can be described as random modifications of a
complex system such as species + ecological niche + species’ adaptation to the ecological
niche, can be divided into two categories, discussed extensively in two chapters of the afore-
mentioned book regarding diseases derived from alterations of the ecological niche:

— Part I: Not regarding the holobiont (Ch. 3);

— Part II: Regarding the holobiont (Ch. 4).

The concepts briefly illustrated above are preparatory and necessary for understanding what
follows.

The discovery of Helicobacter pylori and its actions

Before the discovery of H. pylori and its key role in the pathogenesis of gastritis, gastric and du-
odenal ulcers (peptic ulcers), and related disorders, the causes of these diseases were unclear.
In this regard, gastric acidity was undisputed, and the most accepted hypothesis attributed
these diseases to increased acidity. This excess was stimulated by various factors, including
alcohol abuse, cigarette smoking, certain beverages (coffee, tea, and cola drinks), and various
medications, particularly anti-inflammatory drugs (NSAIDs, corticosteroids, and salicylates)*. In
some cases, acute stress (e.g., shock, sepsis, and trauma) was a clear determining factor*s. When
the acute stress is a burn, the definition of Curling’s ulcer was used for gastric or duodenal ulcer-
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ations*, while in other cases the definition of Cushing’s ulcer was preferred*. In addition to acute
stress, chronic emotional stress appeared to be a common cause of gastritis®.

Stress strongly stimulates vagus nerve activity, resulting in hyperacidity and the aforemen-
tioned pathologies; therefore, in addition to local gastric antacids, vagotomy was a recommended
therapeutic intervention?s.

Overcoming the weak and transient antacid action of local gastric antacids, cimetidine was
proposed in 1976 as the first H, antagonist drug®®®', followed by ranitidine in 1981%.

In those same years, in 1977, the third International Symposium on Gastric lon Transport stim-
ulated active study of products that inhibited H/K-ATPase, the so-called proton pump, which led
to the launch of omeprazole in 1989, and subsequently to other drugs in the same category such
as pantoprazole and lansoprazole, better known as proton pump inhibitors (PPI)%".

These powerful drugs significantly improved the efficacy of treating gastritis and related con-
ditions but did not change the understanding of these conditions.

Starting in 1983, this view was radically overturned. In fact, in that year the presence of H. pylo-
ri, a spiral bacterium related to bacteria of the Campylobacter genus, was identified in the gastric
mucosa of subjects with active chronic gastritis®®. The correlation between the presence of this
bacterium and gastritis and peptic ulcers was confirmed in a work the following year®.

The hypothesis that H. pylori could cause gastritis and related complications met with considerable
resistance. However, further work in which a volunteer became infected with the bacterium and sub-
sequently developed mild gastritis, easily treated with antibiotics®, strongly supported the hypothesis.
This discovery proved so important that it earned the Nobel Prize in Physiology or Medicine in 2005°.

A subsequent study® has shown an extraordinary frequency of H. pylori infection even in
modern countries. For example, a systematic review and meta-analysis estimated that, in 2015,
there were approximately 4.4 billion individuals worldwide with H. pylori infection, with the high-
est prevalence in Africa (70.1%; peaking in Nigeria, 87.7%), and the lowest prevalence in Oceania
(24.4%) and in countries such as Switzerland (18.9%).

In addition to causing chronic gastritis, H. pylori infection is associated with atrophic gastritis,
gastric and duodenal ulcers, gastric dysplasia and adenocarcinoma, mucosa-associated lym-
phoid tissue (MALT) lymphomas®®-¢°, non-ulcer dyspepsia, vitamin B12 deficiency, iron-deficient
anemia, and immune thrombocytopenic purpura®'. In particular, H. pylori infection was clearly
linked to the risk of lower stomach adenocarcinoma®, a finding also confirmed by subsequent
research®, and to an increased risk of colorectal cancer®. Infection with H. pylori is classified as
a carcinogenic factor in Group 1 for our species®®.

Regarding the consequences of H. pylori infection, the therapeutic indication to eliminate
this bacterium using an appropriate combination of antibiotics and other substances was soon
widely shared®*®’. This indication remained constant in the following years, even if the choice of
substances to be used (in particular, bismuth, PPI, amoxicillin, metronidazole, clarithromycin,
tetracycline, levofloxacin, and rifabutin in various therapeutic regimens) was multiple and varied
depending on the authors and also the geographical areas®-"°.

Figure 1 summarizes interpretations of the causes of gastritis and its consequences before
and after the discovery of H. pylori. The previous interpretation of various types of stress and oth-
er conditions as risk factors for gastritis and related diseases did not contradict the thesis that H.
pylori infection was the main cause. Therefore, the above conditions simply became additive risk
factors to H. pylori infection (e.g., for smoking’"2).

Other evidence about the pathogenicity of Helicobacter pylori

Despite the clear role of H. pylori infection in the pathogenesis of gastritis and related diseases,

some other facts must be considered:

() In animal models, H. pylori infection was correlated with a protective effect against allergies
and chronic inflammatory disorders™76.

(i) In humans, the absence of H. pylori infection was correlated with a higher incidence of hay
fever, asthma, and skin allergies in childhood”".

(i) In humans, H. pylori infection was correlated with increased resistance to active tubercu-
losis™. However, if a helminth infection is also present, the increased resistance appeared
questionable or absents®8!,
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Alcohol abuse, cigarette smoking, certain
beverages (coffee, tea, cola drinks),
various medications,
acute stress (shock, sepsis,
trauma, burns), emotional stress

+

Chronic gastritis, duodenitis,

gastric ulcer, duodenal ulcer,
Gastric I > atrophic gastritis, gastric
acidity dysplasia and adenocarcinoma,

MALT lymphomas, colorectal

- cancer

Helicobacter pylori infection

Figure 1. Before the discovery of H. pylori, gastritis and related diseases were explained as the result of excess
acidity caused by various types of stress. After the aforementioned discovery, H. pylori infection clearly emerged
as the main cause.

These observations can be explained as follows.

For (i) and (ii): If H. pylori infection is more frequent under conditions of lower hygiene than
modern standards but closer to the ancestral conditions to which our species is adapted, the
hygiene hypothesis predicts that allergic diseases should be more frequent®-84. Therefore, in both
cases, there would be no direct relationship between the presence of H. pylori and the onset of
the aforementioned diseases, but rather dependence on common conditions.

A possible explanation for (iii) is that H. pylori infection induces a T helper type 1 (Th1)-as-
sociated immune response while helminth infection induces a shift toward a T helper type 2
(Th2)-associated immune response. Furthermore, an effective response against Mycobacterium
tuberculosis infection requires a Th1-associated immune response. Therefore, the presence of
H. pylori alone improves resistance against M. tuberculosis, but the simultaneous presence of a
helminth infection cancels out this increased resistance®.

Moreover, the history of H. pylori infection showed that at the beginning of the twentieth century,
the microbe was present in the stomachs of almost all individuals. A century later, in Sweden, Ger-
many, and the USA, less than 6% of the children were carriers of the microbe. The use of antibiotics,
even without therapies targeted to eradicate the microbe, was the probable cause. In fact, a single
course of therapy with amoxicillin or a macrolide antibiotic, a standard treatment for upper respira-
tory tract infections in children, was sufficient to eradicate H. pylori in 20-50% of cases®.

However, with respect to H. pylori eradication, an increase in cases of gastroesophageal reflux
disease (GERD) and related conditions, such as Barrett’s esophagus and esophageal cancer, has
been observed®. In the USA, a study of 78,000 patients who underwent upper gastrointestinal
endoscopy and histopathological analysis of gastric biopsies found an association between the
absence of H. pylori and Barrett’s esophagus, which is considered an intermediate condition
between reflux esophagitis and esophageal adenocarcinoma?®. Over the past 30 years or so, the
frequency of esophageal reflux, Barrett’s esophagus, and esophageal adenocarcinoma has in-
creased in the developed world®-?2, coinciding temporally with the decline in the frequency of H.
pylori infection. The epidemiology of GERD appears to be related to a Western lifestyle, obesity,
and the disappearance of H. pylori infection®®. The estimated prevalence of GERD ranges from
18.1%-27.8% in North America to 2.5%-7.8% in East Asia, and data indicate an increase in GERD
prevalence since 1995 (p<0.0001), particularly in North America and East Asia®*.

A systematic review and meta-analysis highlighted the correlation between GERD and H. py-
lori eradication®. GERD and laryngopharyngeal reflux cause esophagitis of varying degrees (with
symptoms such as regurgitation, belching, heartburn, esophageal chest pain, globus sensation,
asthma, chronic cough, and hoarseness)® and are associated with a fivefold increased risk of
developing esophageal adenocarcinoma®.
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Regarding the relationship between the absence of H. pylori infection and gastroesophageal re-
flux (and related diseases), H. pylori-associated inflammation of the antral region (or cardia/upper
stomach) causes hyperchlorhydria, whereas inflammation primarily affecting the corpus (lower stom-
ach) causes atrophy and hypochlorhydria® . The second type of inflammation is the most common;
therefore, H. pylori-negative individuals have an abnormally high acid output. When some gastric
acid refluxes into the esophagus, this increased acidity causes reflux esophagitis and its associated
conditions (esophagitis, increased risk of Barrett’s esophagus and esophageal adenocarcinoma)®.

These considerations align with data from human studies. As H. pylori prevalence has de-
clined in developed countries, the prevalence of gastroesophageal reflux complications (includ-
ing esophagitis, Barrett’s esophagus, and esophageal adenocarcinoma) has increased®'',
Many cross-sectional studies have shown an inverse association between H. pylori status and
the severity of reflux symptoms and reflux esophagitis, and an even stronger inverse association
with the prevalence of Barrett’s esophagus and esophageal adenocarcinoma'®?'%s, The strongest
inverse associations were observed in East Asian populations'®,

Regarding esophageal cancer, in 2020 it ranked worldwide 10th by number of cases (604,100)
and sixth by number of deaths (544,076) - after lung cancer, liver cancer, stomach cancer, female
breast cancer (684,996 deaths), and colon cancer (576,858 deaths) - with a death-to-case ratio
of 90.06%'%.

There are two common subtypes of esophageal cancer, each with distinct risk factors:

— Esophageal squamous cell carcinoma, which appears to be related to heavy drinking and
smoking in high-income countries and to nutritional deficiencies, nitrosamines'”’, and betel
quid chewing, consumption of pickled vegetables, and very hot foods and beverages'®in low-
er-income countries;

— Esophageal adenocarcinoma, which accounts for approximately two-thirds of cases in high-in-
come countries, appears to be primarily associated with excess body weight, gastroesopha-
geal reflux disease, and Barrett’s esophagus'®. It also appears to be inversely associated with
H. pylori infection'®.

In short, the presence of H. pylori caused gastritis and related diseases (in particular, gastric
and duodenal ulcers and an increased risk of gastric cancer), but was negatively correlated with
GERD and related diseases (Barrett’s esophagus and esophageal cancer) and with some dis-
eases, such as allergies and chronic inflammatory disorders in animal models, and in humans,
hay fever, asthma, and skin allergies in childhood, as well as reduced resistance against active
tuberculosis and diarrheal diseases.

However, further evidence appeared contradictory and confusing.

In 1992, Holcombe highlighted an epidemiological pattern he called the “African Enigma.” In
sub-Saharan Africa, including Nigeria, Gambia, and Cote d’lvoire, antibodies against H. pylori
were present in half of subjects under 10 years of age and in 80% of adults. Among those with
dyspepsia symptoms, the prevalence of H. pylori infection rose to 97%. Histological signs of type
B antral gastritis were present in 88% of asymptomatic subjects and in even higher percentages
in subjects with symptoms of dyspepsia. Duodenal ulcers were less common in northern Nigeria
than in the UK, and gastric ulcers were rare (six to 30 times less common than duodenal ulcers),
despite the higher prevalence of H. pylori infection. There was also a clear contrast between the
histologically documented gastritis, present in 90% of Africans, and the rarity of gastric ulcers. In
Nigeria, gastric cancer, which is associated with H. pylori infection in Western populations, was
rare'®. The African enigma still exists in 2024, although there have been attempts to explain it as
the effects of particular strains of the bacterium or peculiarities of the African diet''; however, a
plausible explanation is given below.

In 2006, other seemingly inexplicable data were obtained from observations in Asian popula-
tions. In less developed countries such as India, Pakistan, Thailand, and Bangladesh, H. pylori
infection rates ranged from 55% to 92%. In contrast, in China and Japan, H. pylori infection prev-
alence was 44% and 55%, respectively. However, while the incidence of gastric cancer in India,
Bangladesh, and Thailand was 10.6, 1.3, and 7.1 per 100,000 individuals, respectively, in China
and Japan it was estimated to be 32-59 and 80-115 per 100,000 individuals, respectively. That
is, there was a clear and inexplicable inverse correlation between the presence of H. pylori and
the incidence of gastric cancer (“Asian enigma”)''2. In North India, a similar inverse correlation
between high incidence of H. pylori infection and relatively low incidence of gastric cancer was
found (“Indian enigma”)'3.
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Regarding the African and Indian enigmas, there have been attempts to deny their existence
or to explain them as a consequence of particular conditions''4'®. However, these works seem to
add complexity and variation by considering the epidemiological framework of populations with
varied living conditions, which does not contribute to clear data assessment.

Additional data were provided by a study on the number of gastric cancer, gastric ulcer, and
duodenal ulcer cases from 1800 to 1920 in four hospitals in Scotland and three in the US"®. These
diseases were rare or unreported at the beginning of the nineteenth century. Subsequently, the
incidence of gastric cancer and gastric ulcer gradually increased from the mid-nineteenth centu-
ry, while the cases of duodenal ulcer began to increase from the end of the nineteenth century.
In subsequent studies'”'"8, the same pattern was shown for France, Germany, the Netherlands,
Scotland, Spain, Sweden, Denmark, England & Wales, Italy, Japan, and Switzerland. This could
be defined as “European enigma”.

Another enigma (“large, free-living feline enigma”) was the cheetah (Acinonyx jubatus) and its
species-specific gastric Helicobacter (H. heilmannii). The infection caused by this bacterium led
to chronic gastritis, related illnesses, and even death in zoo-dwelling felines, but was not known
to cause problems in wild felines'®.

These observations in cheetahs fell within a more general framework in which species relat-
ed to H. pylori were widely distributed in mammalian hosts, including marine mammals - each
with its own species-specific Helicobacter'?>'?', caused an inflammatory response in the host (a
chronic, benign form of gastritis), which was analogous to that of H. pylori in humans, but was
generally not disease-causing''.

The situations previously defined as African, Asian, Indian, European, and “large, free-living
feline” enigma clearly required an interpretation that could not be based on the simple alternative
of the presence or absence of H. pylori/H. heilmannii infection'?2.

Possible interpretations according to Evolutionary Medicine

Mice are routinely infected with the spiral microbe Helicobacter felis, which is equivalent to H.
pylori infection in humans. In a study, two groups of mice were infected: one with H. felis alone
and the other with H. felis and the rodent worm Heligmosomoides polygirus. Mice in the first
group quickly developed severe gastritis, atrophic gastritis, and histological lesions similar to the
premalignant lesions mediated by type 1 T-helper cells. In contrast, mice in the second group,
despite the strong presence of H. felis, showed chronic gastritis with a significant reduction in the
cytokines and chemokines associated with a gastric inflammatory response of type 1 T-helper
cells, but without developing the other lesions found in the first group'.

In domesticated or captive animals, because parasite eradication is routinely performed, the
absence of macroparasite infection correlates with the onset of autoimmune diseases®122124,

A few years later, in 2005, two human populations with no detectable racial differences
between them were studied. One lived on the coast of Colombia, in Tumaco, and the other
inland on the Andes, in Pasto. Both populations had H. pylori in 95% of individuals. Children
from Tumaco had worm infections (Ascaris lumbricoides and Trichuris trichiura) twice as often
as those from Pasto, and the overall cancer rate was much lower in the Tumaco population.
Serum IgE levels were significantly higher in children and adults from Tumaco than in those
from Pasto. Children from Tumaco “developed higher Th2-associated IgG1 responses to H.
pylori” than those from Pasto, which, according to the authors, explained the different out-
comes between the two populations®. These results were confirmed in a subsequent study
on the same populations'2®.

It is important to explain why H. pylori infection causes gastritis and related pathologies, and
why helminth infection appears to counteract these consequences. H. pylori elicits a robust
pro-inflammatory Th1 and Th17 immune response (Th1-dominant immune response), which ex-
plains its damage to gastric tissue™’. Conversely, helminth infection diverts the immune system
reaction toward a Th2 and regulatory response (Th2-dominant immune response), which appears
to dampen H. pylori-induced inflammation'?®13. The effects of immunomodulation vary depend-
ing on the helminth species. Ascaris lumbricoides, Trichuris trichiura, and Schistosoma spp. in-
duce strong Th2 and regulatory T cell (Treg) responses, characterized by the release of IL-4, IL-5,
IL-13, and IL-10, which suppress the Th1-dominant pro-inflammatory response typically induced
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by H. pylori'®'. The Th2-dominant response appears to curb gastric inflammation while allow-

ing the persistence of H. pylori infection. Other helminths modulate the immunological reactions

triggered by H. pylori differently; overall, helminth infection appears to contain H. pylori-induced
gastric inflammation without hindering bacterial persistence'2.

Another study found that H. pylori infection increases expression of pro-inflammatory IL-13 cy-
tokines (Th1-dominant immune response), which is associated with increased histological inflam-
mation and gastric cancer risk index. This is in contrast to simultaneous H. pylori and helminth
infection, which shows increased expression of IL-4 and reduced expression of proinflammatory
cytokines (Th2-dominant immune response), associated with a lower degree of mononuclear
infiltration and mucosal atrophy in the gastric corpus, and a reduced gastric cancer risk index'33.

As the association between H. pylori infection and stomach cancer is well known, it is neces-
sary to consider data regarding this type of cancer.

In 2020, worldwide, stomach cancer ranked sixth in terms of cases (1,089,103) and third in
terms of deaths (769,793), after lung cancer (1,796,144 deaths) and liver cancer (830,180 deaths),
with a death-to-case ratio of 70.68%'%.

Stomach cancer is classified into two types based on location, pathogenesis, and epidemio-
logical data'es:

— Noncardia (lower stomach) cancer. The main risk factor is H. pylori. Other risk factors include
alcohol consumption, tobacco smoking, and foods preserved by salting. Possible risk factors
include low fruit intake, high consumption of processed meat, and grilled or barbecued meat
and fish's4,

— Cardia (upper stomach) cancer. Generally, it is not associated with H. pylori'®5; in fact, in some
populations, there is an inverse correlation'®. This type of cancer appears to be related to
excess body weight and gastroesophageal reflux disease injury, such as esophageal adeno-
carcinoma'®,

It should be remembered that the carcinogenic effects on the stomach related to H. pylori
infection concern noncardia (lower stomach) cancer, and that there are other risk factors for this.
The incidence of stomach cancer varies greatly depending on geographic area and gender. The
worldwide incidence is 15.8 per 100,000 for males and 7.0/100,000 for females. The highest inci-
dence rates worldwide are reported in Eastern Asia, with peaks for males in Japan, Mongolia, and
Korea (48.1, 47.2, and 39.2/100,000, respectively). By contrast, Africa has the lowest incidence
with values of 5/100,000'%¢, despite the high frequency of H. pylori infections®’.

This low incidence of gastric cancer in Africa is associated with a similarly low incidence of
autoimmune diseases such as inflammatory bowel disease, Crohn’s disease, and ulcerative coli-
tis. The low incidence of gastric cancer and these autoimmune diseases may be explained by the
high rate of infections with gastrointestinal parasites, which reduce inflammation and thus the risk
of developing these diseases'®®. Consistent with this hypothesis, a negative correlation between
autoimmune diseases and helminth infection has been reported®'40-148,

Limitations

This study review has several limitations. First, the available literature was not assessed using
a systematic review methodology. Second, the available evidence is heterogeneous in terms of
study design, populations, and methodological approaches. Third, much of the evidence is ob-
servational and does not allow causal inferences to be drawn. Accordingly, the interpretations
proposed in this review should be regarded as hypothesis-generating rather than conclusive.
Further studies are necessary to validate the suggested interpretations, also with a systematic
consultation of the available literature.

CONCLUSIONS

In modern medicine, we generally consider the relationships between the human organism and
each interrelated species, studying the effects (whether negative, positive, or neutral) and devel-
oping appropriate interventions when necessary.

From an evolutionary medicine perspective, it is important to consider that our species and
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all the other interrelated species are part of our holobiont. When analyzing the relationships be-
tween our species and other species within our holobiont, we must not overlook the relationships
between the component species of the holobiont. All the species within the holobiont constitute
a complex ecosystem, or rather, a complex set of ecosystems, and an action even on a single el-
ement of an ecosystem can have significant and serious consequences for the entire ecosystem
and for the health of the host biont, that is, for our own health (Figure 2).

& i Evolutionary medicine view
urrent medicine view
0S3 g
0S2 0S84 082 oy
0s1 0S5 sl 0S5
OSn o=
0S6 056
087 350 O
089 o 0S8
0S8 -

Figure 2. The relationships between each individual of our species and the other species with which we interact in
the holobiont, i.e., Other Species (OS) 1, 2 .... n. Left side: Current medicine focuses on the relationships between
our organism and each other species; Right side: Evolutionary medicine considers the whole of our organism (host
biont) and all the other species (bionts) that make up our holobiont and the relationships between all the species
of our holobiont.

Regarding our holobiont, and in particular H. pylori, Figures 3-5 schematically illustrate various
conditions in which alterations occur that affect, among other things, H. pylori. These alterations,
combined with other possible alterations of the holobiont, cause epidemics of mild and serious
diseases and even fatal diseases.

Figure 3 outlines the state of the holobiont under ancestral living conditions, where the com-
ponents of the holobiont are balanced due to long co-evolution. In the diagram, the relationships
between the species considered are highlighted in green, indicating normality and the absence
or rarity of the pathological conditions.

Figure 5 outlines the state of the holobiont in modern living conditions in developed countries.

The alterations in the holobiont are numerous and serious, as highlighted in the diagram by
the prevalence of the red color, an indicator of anomaly and the onset of diseases, even serious
and fatal ones.

Figure 4 indicates an intermediate condition, specifically one in which alterations result from
helminth eradication and the use and overuse of antibiotics.

The diseases highlighted in Figure 5 have a large epidemiological impact worldwide with sig-
nificant consequences. For autoimmune diseases, considering only the USA and diseases with
a number of registered cases > 10,000, the estimated number of cases ranges from 31 million to
44 million™®. In 2016, approximately 700 million cases of allergic diseases such as asthma and al-
lergic rhinitis were estimated worldwide'°. Other allergic diseases also contribute substantially to
this burden®. Similarly, gastritis, duodenal and gastric ulcers, GERD, gastric cancer, esophageal
cancer, and other related diseases represent an important global health burden, as indicated by
the epidemiological data presented above.
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Absence or rarity
of allergic diseases

Normal microbial
ecosystems of the holobiont

Hypochlorhydria (reduces
the risk of developing gastric
reflux disease, or GERD)

Helicobacter pylori infection
(stimulates Thl-associated
immune response)

Hinders the Th1 response
activated by H. pylori infection

Helminth infection
(stimulates Th2-associated
immune response)
Hinders the onset
of autoimmune diseases

—— —

——— —~

Chronic benign gastritis
without increased risk
of gastric cancer

Absence or rarity of
autoimmune diseases

Figure 3. Ancestral condition (evolutionary “normal” condition; e.g., (i) in hunter-gatherer populations; (ii) partially, in
many populations of the developing counties; and (iii) in European populations around the first half of the nineteenth
century) - Presence of both H. pylori and helminths - Chronic benign gastritis; no increase in the incidence of gastric
or esophageal cancer, and gastric or duodenal ulcer; protection against allergic and autoimmune diseases.

Allergic diseases,
cases of serious infections
from germs with multiple

antibiotic resistance

Altered microbial
ecosystems of the holobiont,
increase of antibiotic-
resistant germs

Antibiotic

Hypochlorydria (reduces the risk
of gastroesophageal reflux disease, or GERD)

Helicobacter pylori infection
(stimulates Th1-associated
immune response)

—

No restraint of Thl-associated

use and abuse s
t

by II. pylori infection

Absence of helminth infection
(no stimulation of Th2-associated
immune response)

No restraint for the onset
of autoimmune diseases

duodenal ulcer, lower stomach cancer
+ increased resistence against active

I:> Autoimmune diseases

Gastritis, duodenitis. gastric and

tuberculosis

Figure 4. An intermediate condition - Presence of H. pylori but not of helminths (e.g., in European people in the
second half of the nineteenth century) - Increased incidence of gastric and duodenal ulcer and lower stomach
cancer, gastric and duodenal ulcer; increasing alterations of the microbial ecosystems of the holobiont and so of

the risk of allergic diseases.
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»‘\“f‘rgif ‘lisﬁ:ﬂiesv. Hyperchlorhydria with increased risk of
cases of serious l“f(‘l‘"_"m gastroesophageal reflux disease (GERD),
from germs with multiple Barrett's esophagus, adenocarcinoma

antibiotic resistance of the esophagus and upper stomach

Altered microbial
ecosystems of the holobiont, Eradicated Helicobacter pylori
increase of antibiotic-

resistant germs

No restraint of Thl-associated

Antibiotic Antibiotics used immune response stimulated
use and abuse to eradicate by H. pylori infection
H. pylori

Eradicated helminths :> Autoimmune diseases
(no stimulation of Th2-associated

immune response 2
P ) No restraint for the onset

of autoimmune diseases

Figure 5. Gravely altered condition — Absence of both helminths and H. pylori (e. g., in modern developed coun-
tries). Increased incidence of gastroesophageal reflux, esophagitis, Barrett’s esophagus, esophageal and upper
stomach adenocarcinoma, reduced protection against allergic diseases (asthma, hay fever, and skin allergies),
increased risk of chronic inflammatory disorders (autoimmune diseases).

These diseases, which undoubtedly pose a significant burden to global health, appear to result
from serious alterations to the ecosystems of our holobiont, which require careful assessment
of their primary causes. This is necessary for effective prevention that addresses alterations to
internal ecosystems, moving beyond actions aimed exclusively or mainly at treating the resulting
diseases.

Ethics Approval and Informed Consent
Not applicable due to the design of the study.

Conflicts of Interest

The authors declare no conflict of interest.

Funding
This research received no specific grant from funding agencies in the public, commercial, or not-for-profit sectors.

Authors’ Contributions

G.L.: writing — Original Draft Preparation; G.C., V.C.: Writing — Review & Editing; N.F.: Supervision. All authors have read
and agreed to the published version of the manuscript.

ORCID ID

Giacinto Libertini: 0000-0002-2245-2089
Graziamaria Corbi: 0000-0002-3441-889X
Valeria Conti: 0000-0001-6964-2739
Nicola Ferrara: 0000-0002-6582-9851

1



G. Libertini, G. Corbi, V. Conti, N. Ferrara

REFERENCES

. Nesse RM. The importance of Evolution for Medicine. In: Trevathan WR, Smith EO, McKenna JJ (eds). Evolutionary

Medicine and Health: new perspectives. New York: Oxford University Press, 2008, pp. 416-431.

. Dobzhansky T. Nothing in biology makes sense except in the light of evolution. The American biology teacher 1973;

35: 125-129.

. Varki A. Nothing in medicine makes sense, except in the light of evolution. J Mol Med (Berl) 2012; 90: 481-494.
. Libertini G. Ragionamenti evoluzionistici [book in ltalian]. Napoli: Societa Editrice Napoletana. 1988. English edition:

Evolutionary arguments on aging, disease, and other topics. Crownsville (MD): Azinet Press, 2011.

5. Nesse RM, Williams GC. Why we get sick: the new science of Darwinian medicine. New York: Times Books, 1994.

O © N (2]

—_

11.
12.

13.
14.

15.
16.

17.
18.
19.
20.
21.
22.
23.

24.

25.
26.

27.

28.

29.
30.

31.
32.
33.
34.
35.

36.

12

. Libertini G, Corbi G, Shubernetskaya O, Komici K, Ferrara N. The Essential Revolution of Evolutionary Medicine —

Interpreting Diseases and Population Aging. Cham, Switzerland: Springer Nature, 2024.

. Goldman L, Schafer A. (eds). Goldman-Cecil Medicine. Elsevier Science Health Science, 2019.

. Firth J, Conlon C, Cox T (eds). Oxford Textbook of Medicine. Oxford: Oxford University Press, 2020.

. Dugdale JS. Entropy and its Physical Meaning, 2nd edition. London: Taylor and Francis, 1996.

. Eaton SB, Shostak M, Konner M. The paleolithic prescription: a program of diet and exercise and a design for living.

New York: Harper and Row, 1988.

Eaton SB, Konner M, Shostak M. Stone agers in the fast lane: Chronic degenerative diseases in evolutionary per-
spective. Am J Med 1988; 84: 739-749.

Baedke J, Fabregas-Tejeda A, Nieves Delgado A. The holobiont concept before Margulis. J Exp Zool — Part B (Mol
Dev Evol) 2020; 334: 149-155.

Margulis L, Fester R. Symbiosis as a Source of Evolutionary Innovation. Cambridge (USA): MIT Press, 1991.

Theis KR, Dheilly NM, Klassen JL, Brucker RM, Baines JF, Bosch TC, Cryan JF. Getting the Hologenome Concept
Right: an Eco-Evolutionary Framework for Hosts and Their Microbiomes. mSystems 2016; 1: e00028-16.
Glendinning L, Free A. Supra-organismal interactions in the human intestine. Front Cell Infect Microbiol 2014; 4: 47.
Sanchez-Cafizares C, Jorrin B, Poole PS, Tkacz A. Understanding the holobiont: the interdependence of plants and
their microbiome. Curr Opin Microbiol 2017; 38: 188-196.

Fiuza BSD, Fonseca HF, Meirelles PM, Marques CR, da Silva TM, Figueiredo CA. Understanding Asthma and Aller-
gies by the Lens of Biodiversity and Epigenetic Changes. Front Immunol 2021; 12: 623737.

Sender R, Fuchs S, Milo R. Revised Estimates for the Number of Human and Bacteria Cells in the Body. PLoS Biol
2016; 14: e1002533.

Grice EA, Segre JA. The human microbiome: our second genome. Annu Rev Genomics Hum Genet 2012; 13: 151-
170.

Wu S, Grimm R, German JB, Lebrilla CB. Annotation and structural analysis of sialylated human milk oligosaccha-
rides. J Proteome Res 2011; 10: 856-868.

Urashima T, Hirabayashi J, Sato S, Kobata A. Human Milk Oligosaccharides as Essential Tools for Basic and Appli-
cation Studies on Galectins. Trends Glycosci Glycotechnol 2018; 30: SE51-SE65.

Wu S, Tao N, German JB, Grimm R, Lebrilla CB. Development of an annotated library of neutral human milk oligo-
saccharides. J Proteome Res 2010; 9: 4138-4151.

LeBlanc JG, Milani C, de Giori GS, Sesma F, van Sinderen D, Ventura M. Bacteria as vitamin suppliers to their host:
a gut microbiota perspective. Curr Opin Biotechnol 2013; 24: 160-168.

Zhan Q, Wang R, Thakur K, Feng JY, Zhu YY, Zhang JG, Wei ZJ. Unveiling of dietary and gut-microbiota derived B
vitamins: Metabolism patterns and their synergistic functions in gut-brain homeostasis. Crit Rev Food Sci Nutr 2022;
22: 1-13.

Hou K, Wu ZX, Chen XY, Wang JQ, Zhang D, Xiao C, Zhu D, Koya JB, Wei L, Li J, Chen ZS. Microbiota in health and
diseases. Signal Transduct Target Ther 2022; 7: 135.

Moissl-Eichinger C, Pausan M, Taffner J, Berg G, Bang C, Schmitz RA. Archaea Are Interactive Components of
Complex Microbiomes. Trends Microbiol 2018; 26: 70-85.

Koskinen K, Pausan MR, Perras AK, Beck M, Bang C, Mora M, Schilhabel A, Schmitz R, Moissl-Eichinger C. First
Insights into the Diverse Human Archaeome: Specific Detection of Archaea in the Gastrointestinal Tract, Lung, and
Nose and on Skin. mBio 2017; 8: e00824-17.

Ferrari A, Brusa T, Rutili A, Canzi E, Biavati B. Isolation and characterization of Methanobrevibacteroralis sp. nov.
Curr Microbiol 1994; 29: 7-12.

Probst AJ, Auerbach AK, Moissl-Eichinger C. Archaea on human skin. PLoS One 2013; 8: e65388.

Liang G, Bushman FD. The human virome: assembly, composition and host interactions. Nat Rev Microbiol 2021; 19:
514-527.

Pride DT, Salzman J, Haynes M, Rohwer F, Davis-Long C, White RA. Evidence of a robust resident bacteriophage
population revealed through analysis of the human salivary virome. ISME J 2012; 6: 915-926.

Abeles SR, Pride DT. Molecular bases and role of viruses in the human microbiome. J Mol Biol 2014; 426: 3892-
3906.

Moustafa A, Xie C, Kirkness E, Biggs W, Wong E, Turpaz Y, Bloom K, Delwart E, Nelson KE, Venter JC, Telenti A.
The blood DNA virome in 8,000 humans. PLoS Pathog 2017; 13: e1006292.

Ghose C, Ly M, Schwanemann LK, Shin JH, Atab K, Barr JJ, Little M, Schooley RT, Chopyk J, Pride DT. The Virome
of Cerebrospinal Fluid: Viruses Where We Once Thought There Were None. Front Microbiol 2019; 10: 2061.
Pannaraj PS, Ly M, Cerini C, Saavedra M, Aldrovandi GM, Saboory AA, Johnson KM, Pride DT. Shared and distinct
features of human milk and infant stool viromes. Front Microbiol 2018; 9: 1162.

Wildschutte JH, Williams ZH, Meagan Montesion M, Subramian RP, Kidd JM, Coffin JM. Discovery of unfixed endog-
enous retrovirus insertions in diverse human populations. Proc Natl Acad Sci U S A 2016; 113: E2326-E2334.



THE CASE OF HELICOBACTER PYLORI: CONSEQUENCES OF AN ALTERATION OF OUR HOLOBIONTIC ECOSYSTEM

37. Dunn JC, Turner HC, Tun A, Anderson RM. Epidemiological surveys of, and research on, soil-transmitted helminths
in Southeast Asia: a systematic review. Parasit Vectors 2016; 9: 31.

38. Veesenmeyer AF. Important Nematodes in Children. Pediatr Clin North Am 2022; 69: 129-139.

39. Mishra PK, Palma M, Bleich D, Loke P, Gause WC. Systemic impact of intestinal helminth infections. Mucosal Immu-
nol 2014; 7: 753-762.

40. Gazzinelli-Guimaraes PH, Nutman TB. Helminth parasites and immune regulation. F1000Res 2018; 7: F(1000 Fac-
ulty Rev): 1685.

41. Boxberger M, Cenizo V, Cassir N, La Scola B. Challenges in exploring and manipulating the human skin microbiome.
Microbiome 2021; 9: 125.

42. Forton FMN, De Maertelaer V. Which factors influence Demodex proliferation? A retrospective pilot study highlight-
ing a possible role of subtle immune variations and sebaceous gland status. J Dermatol 2021; 48: 1210-1220.

43. Litwin D, Chen W, Dzika E, Koryciriska J. Human Permanent Ectoparasites; Recent Advances on Biology and Clini-
cal Significance of Demodex Mites: Narrative Review Article. Iran J Parasitol 2017; 2: 12-21.

44. Chen W, Plewig G. Are Demodex mites principal, conspirator, accomplice, witness or bystander in the cause of ro-
sacea? Am J Clin Dermatol 2015; 16: 67-72.

45. Wintrobe MM, Thorn GW, Adams RD, Braunwald E, Isselbacher KJ, Petersdorf RG (eds). Harrison’s Principles of
Internal Medicine, 7th ed. McGraw-Hill Book Company, 1974.

46. Moody FG, Cheung LY. Stress ulcers: their pathogenesis, diagnosis, and treatment. Surg Clin North Am 1976; 56:
1469-1478.

47. Muir IF, Jones PF. Curling’s ulcer: a rare condition. Br J Surg 1976; 63: 60-66.

48. Kemp WJ, Bashir A, Dababneh H, Cohen-Gadol AA. Cushing’s ulcer: Further reflections. Asian J Neurosurg 2015; 10: 87-94.

49. Goldberg SJ, Smith CL, Connell AM. Emotion-related gastritis. Am J Gastroenterol 1976; 65: 41-45.

50. Duncan WAM, Parsons ME. Reminiscences on the development of cimetidine. Gastroenterology 1980; 78: 620-625.

51. Garner A, Fadlallah H, Parsons ME. 1976 and all that!--20 years of antisecretory therapy. Gut 1996; 39: 784-786.

52. Daly MJ, Humphray JM, Stables R. Some in vitro and in vivo actions of the new histamine H2 antagonist ranitidine.
Br J Pharmacol 1981; 72: 49-54.

53. Warren JR, Marshall B. Unidentified curved bacilli on gastric epithelium in active chronic gastritis. Lancet 1983; 1:
1273-1275.

54. Marshall BJ, Warren JR. Unidentified curved bacilli in the stomach of patients with gastritis and peptic ulceration.
Lancet 1984; 323: 1311-1315.

55. Marshall BJ, Armstrong JA, McGechie DB, Glancy RJ. Attempt to fulfil Koch’s postulates for pyloric Campylobacter.
Med J Aust 1985; 142: 436-439.

56. Mégraud F. A humble bacterium sweeps this year’s Nobel Prize. Cell 2005; 123: 975-976.

57. Hooi JK, Lai WY, Ng WK, Suen MM, Underwood FE, Tanyingoh D, Malfertheiner P, Graham DY, Wong VWS, Wu
JCY, Chan FKL, Sung JJY, Kaplan GG, Ng SC. Global prevalence of Helicobacter pylori infection: systematic review
and meta-analysis. Gastroenterology 2017; 153: 420-429.

58. Violeta Filip P, Cuciureanu D, Sorina Diaconu L, Maria Vladareanu A, Silvia Pop C. MALT lymphoma: epidemiology,
clinical diagnosis and treatment. J Med Life 2018; 11: 187-193.

59. de Brito BB, da Silva FAF, Soares AS, Pereira VA, Santos MLC, Sampaio MM, Neves PHM, de Melo FF. Pathogene-
sis and clinical management of Helicobacter pylori gastric infection. World J Gastroenterol 2019; 25: 5578-5589.

60. Akinpelu OO, Samuel HS, Undie DA, Ibekwe FA, Onotu OP, Etim EE. Current concepts of Helicobacter pylori infec-
tion. Eur J Med Res 2025; 31: 169.

61. Malnick SD, Melzer E, Attali M, Duek G, Yahav J. Helicobacter pylori: friend or foe? World J Gastroenterol 2014; 20:
8979-8985.

62. Correa P. Human gastric carcinogenesis: a multistep and multifactorial process--First American Cancer Society
Award Lecture on Cancer Epidemiology and Prevention. Cancer Res 1992; 52: 6735-6740.

63. Duan Y, Xu Y, Dou Y, Xu D. Helicobacter pylori and gastric cancer: mechanisms and new perspectives. J Hematol
Oncol 2025; 18: 10.

64. Engelsberger V, Gerhard M, Mejias-Luque R. Effects of Helicobacter pylori infection on intestinal microbiota, immu-
nity and colorectal cancer risk. Front Cell Infect Microbiol 2024; 14: 1339750.

65. International Agency for Research on Cancer. IARC Monogr Eval Carcinog Risks Hum. Infection with Helicobacter
pylori 1994; 61: 177-240.

66. Drumm B. Helicobacter pylori. Arch Dis Child 1990; 65: 1278-1282.

67. Feldman M, Peterson WL. Helicobacter pylori and peptic ulcer disease. West J Med 1993; 159: 555-559.

68. Fallone CA, Chiba N, van Zanten SV, Fischbach L, Gisbert JP, Hunt RH, Jones NL, Render C, Leontiadis Gl, Moayye-
di P, Marshall JK. The Toronto Consensus for the Treatment of Helicobacter pylori Infection in Adults. Gastroenterol-
ogy 2016; 151: 51-69.e14.

69. Suzuki S, Kusano C, Horii T, Ichijima R, Ikehara H. The Ideal Helicobacter pylori Treatment for the Present and the
Future. Digestion 2022; 103: 62-68.

70. Sun Q, Yuan C, Zhou S, Lu J, Zeng M, Cai X, Song H. Helicobacter pylori infection: a dynamic process from diagnosis
to treatment. Front Cell Infect Microbiol 2023; 13: 1257817.

71. Halter F, Brignoli R. Helicobacter pylori and smoking: two additive risk factors for organic dyspepsia. Yale J Biol
Medicine 1998; 71: 91-99.

72. Parasher G, Eastwood GL. Smoking and peptic ulcer in the Helicobacter pylori era. Eur J Gastroenterol Hepatol
2000; 12: 843-853.

73. Arnold IC, Dehzad N, Reuter S, Martin H, Becher B, Taube C, Miiller A. Helicobacter pylori infection prevents allergic
asthma in mouse models through the induction of regulatory T cells. J Clin Invest 2011; 121: 3088-3093.

74. Arnold IC, Hitzler I, Muller A. The immunomodulatory properties of Helicobacter pylori confer protection against
allergic and chronic inflammatory disorders. Front Cell Infect Microbiol 2012; 2: 10.

13



G. Libertini, G. Corbi, V. Conti, N. Ferrara

75. Kyburz A, Urban S, Altobelli A, Floess S, Huehn J, Cover TL, Mdller A. Helicobacter pylori and its secreted immu-
nomodulator VacA protect against anaphylaxis in experimental models of food allergy. Clin Exp Allergy 2017; 47:
1331-1341.

76. Kyburz A, Fallegger A, Zhang X, Altobelli A, Artola-Boran M, Borbet T, Urban S, Paul P, Miinz C, Floess S, Huehn J,
Cover TL, Blaser MJ, Taube C, Miiller A. Transmaternal Helicobacter pylori exposure reduces allergic airway inflam-
mation in offspring through regulatory T cells. J Allergy Clin Immunol 2019; 143: 1496-1512.e11.

77. Chen Y, Blaser MJ. Inverse associations of Helicobacter pylori with asthma and allergy. Arch Intern Med 2007; 167:
821-827.

78. Amberbir A, Medhin G, Erku W, Alem A, Simms R, Robinson K, Fogarty A, Britton J, Venn A, Davey G. Effects
of Helicobacter pylori, geohelminth infection and selected commensal bacteria on the risk of allergic disease and
sensitization in 3-year-old Ethiopian children. Clin Exp Allergy 2011; 41: 1422-1430.

79. Perry S, de Jong BC, Solnick JV, de la Luz Sanchez M, Yang S, Lin PL, Hansen LM, Talat N, Hill PC, Hussain R,
Adegbola RA, Flynn J, Canfield D, Parsonnet J. Infection with Helicobacter pylori is associated with protection
against tuberculosis. PLoS One 2010; 5: e8804.

80. Babu S, Nutman TB. Helminth-Tuberculosis Co-infection: An Immunologic Perspective. Trends Immunol 2016; 37:
597-607.

81. Bustamante-Rengifo JA, Astudillo-Hernandez M, Del Pilar Crespo-Ortiz M. Effect of Helicobacter pylori and Hel-
minth Coinfection on the Immune Response to Mycobacterium tuberculosis. Curr Microbiol 2021; 78: 3351-3371.

82. Strachan DP. Family size, infection and atopy: the first decade of the “hygiene hypothesis”. Thorax 2000; 55 Suppl
1(Suppl 1): S2-S10.

83. Rook GA, Brunet LR. Microbes, immunoregulation, and the gut. Gut 2005; 54: 317-320.

84. Platts-Mills TAE. The allergy epidemics: 1870-2010. J Allergy Clin Immunol 2015; 136: 3-13.

85. Blaser MJ. Antibiotic overuse: Stop the killing of beneficial bacteria. Nature 2011; 476: 393-394.

86. Sonnenberg A, Lash RH, Genta RM. A national study of Helicobactor pylori infection in gastric biopsy specimens.
Gastroenterology 2010; 139: 1894-1901.e2; quiz e12.

87. Devesa SS, Blot WJ, Fraumeni JF. Changing patterns in the incidence of esophageal and gastric carcinoma in the
United States. Cancer 1998; 83: 2049-2053.

88. Lagergren J, Bergstrdm R, Lindgren A, Nyrén O. Symptomatic gastroesophageal reflux as a risk factor for esopha-
geal adenocarcinoma. N Engl J Med 1999; 340: 825-831.

89. Bollschweiler E, Wolfgarten E, Gutschow C, Hélscher AH. Demographic variations in the rising incidence of esoph-
ageal adenocarcinoma in white males. Cancer 2001; 92: 549-555.

90. Shaheen N, Ransohoff DF. Gastroesophageal reflux, Barrett esophagus, and esophageal cancer: scientific review.
JAMA 2002; 287: 1972-1981.

91. Pohl H, Welch HG. The role of overdiagnosis and reclassification in the marked increase of esophageal adenocar-
cinoma incidence. J Natl Cancer Inst 2005; 97: 142-146.

92. Bresalier RS. Barrett’s Esophagus and esophageal adenocarcinoma. Annu Rev Med 2009; 60: 221-231.

93. Katzka DA, Kahrilas PJ. Advances in the diagnosis and management of gastroesophageal reflux disease. BMJ
2020; 371: m3786.

94. Clarrett DM, Hachem C. Gastroesophageal Reflux Disease (GERD). Mo Med 2018; 115: 214-218.

95. Mou WL, Feng MY, Hu LH. Eradication of Helicobacter Pylori Infections and GERD: A systematic review and me-
ta-analysis. Turk J Gastroenterol 2020; 31: 853-859.

96. Gyawali CP, Yadlapati R, Fass R, Katzka D, Pandolfino J, Savarino E, Sifrim D, Spechler S, Zerbib F, Fox MR, Bhatia
S, de Bortoli N, Cho YK, Cisternas D, Chen CL, Cock C, Hani A, Remes Troche JM, Xiao Y, Vaezi MF, Roman S.
Updates to the modern diagnosis of GERD: Lyon consensus 2.0. Gut 2024; 73: 361-371.

97. Blaser MJ, Atherton JC. Helicobacter pylori persistence: biology and disease. J Clin Invest 2004; 113: 321-333.

98. Gillen D, el-Omar EM, Wirz AA, Ardill JE, McColl KE. The acid response to gastrin distinguishes duodenal ulcer
patients from Helicobacter pylori-infected healthy subjects. Gastroenterology 1998; 114: 50-57.

99. Atherton JC, Blaser MJ. Coadaptation of Helicobacter pylori and humans: ancient history, modern implications. J
Clin Invest 2009; 119: 2475-2487.

100. El-Serag HB, Sonnenberg A. Opposing time trends of peptic ulcer and reflux disease. Gut 1998; 43: 327-333.

101. Brown LM, Devesa SS, Chow WH. Incidence of adenocarcinoma of the esophagus among white Americans by sex,
stage, and age. J Natl Cancer Inst 2008; 100: 1184-1187.

102. Yamaji Y, Mitsushima T, lkuma H, Okamoto M, Yoshida H, Kawabe T, Shiratori Y, Saito K, Yokouchi K, Omata M.
Inverse background of Helicobacter pylori antibody and pepsinogen in reflux oesophagitis compared with gastric
cancer: analysis of 5732 Japanese subjects. Gut 2001; 49: 335-340.

103. Ye W, Held M, Lagergren J, Engstrand L, Blot WJ, McLaughlin JK, Nyrén O. Helicobacter pylori infection and gas-
tric atrophy: risk of adenocarcinoma and squamous-cell carcinoma of the esophagus and adenocarcinoma of the
gastric cardia. J Natl Cancer Inst 2004; 96: 388-396.

104. de Martel C, Llosa AE, Farr SM, Friedman GD, Vogelman JH, Orentreich N, Corley DA, Parsonnet J. Helicobacter
pylori infection and the risk of development of esophageal adenocarcinoma. J Infect Dis 2005; 191: 761-767.

105. Islami F, Kamangar F. Helicobacter pylori and esophageal cancer risk: a meta-analysis. Cancer Prev Res (Phila)
2008; 1: 329-338.

106. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, Bray F. Global Cancer Statistics 2020:
GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin
2021; 71: 209-249.

107. McCormack VA, Menya D, Munishi MO, Dzamalala C, Gasmelseed N, Leon Roux M, Assefa M, Osano O, Watts M,
Mwasamwaja AO, Mmbaga BT, Murphy G, Abnet CC, Dawsey SM, Schiiz J. Informing etiologic research priorities
for squamous cell esophageal cancer in Africa: A review of setting-specific exposures to known and putative risk
factors. Int J Cancer 2017; 140: 259-271.

14



THE CASE OF HELICOBACTER PYLORI: CONSEQUENCES OF AN ALTERATION OF OUR HOLOBIONTIC ECOSYSTEM

108. Blot WJ, Tarone RE. Esophageal cancer. In: Thun M, Linet MS, Cerhan JR, Haiman CA, Schottenfeld D (eds). Can-
cer Epidemiology and Prevention, 4th ed. Oxford University Press, 2018, pp. 579-593.

109. Arnold M, Laversanne M, Brown LM, Devesa SS, Bray F. Predicting the Future Burden of Esophageal Cancer by
Histological Subtype: International Trends in Incidence up to 2030. Am J Gastroenterol 2017; 112: 1247-1255.

110. Holcombe C. Helicobacter pylori: The African Enigma. Gut 1992; 33: 429-431.

111. Jaka H, Smith Sl. Forty Years of Helicobacter pylori: The African Perspective. Dig Dis (Basel) 2024; 42: 161-165.

112. Singh K, Ghoshal UC. Causal role of Helicobacter pylori infection in gastric cancer: an Asian enigma. World J Gas-
troenterol 2006; 12: 1346-1351.

113. Misra V, Pandey R, Misra SP, Dwivedi M. Helicobacter pylori and gastric cancer: Indian enigma. World J Gastroen-
terol 2014; 20: 1503-1509.

114. Graham DY, Lu H, Yamaoka Y. African, Asian or Indian enigma, the East Asian Helicobacter pylori: facts or medical
myths. J Dig Dis 2009; 10: 77-84.

115. von Grafenstein L, Klasen S, Hoddinott J. The Indian Enigma revisited. Econ Hum Biol 2023; b49: 101237.

116. Sonnenberg A, Baron JH. Rising trends of gastric cancer and peptic ulcer in the 19th century. Alim Pharmacol Ther
2010; 32: 901-907.

117. Sonnenberg A. Differences in the birth-cohort patterns of gastric cancer and peptic ulcer. Gut 2010; 59: 736-743.

118. Sonnenberg A. Time Trends of Mortality from Gastric Cancer in Europe. Dig Dis Sci 2011; 56: 1112-1118.

119. Terio KA, Munson L, Marker L, Aldridge BM, Solnick JV. Comparison of Helicobacter spp. in Cheetahs (Acinonyx
jubatus) with and without gastritis. J Clin Microbiol 2005; 43: 229-234.

120. Harper CMG, Feng Y, Xu S. Helicobacter cetorum sp. nov. a urease-positive Helicobacter species isolated from
dolphins and whales. J Clin Microbiol 2002; 40: 4536-4543.

121. Solnick JV, Schauer DB. Emergence of diverse Helicobacter species in the pathogenesis of gastric and enterohe-
patic diseases. Clin Microbiol Rev 2001; 14: 59-97.

122. Velasquez-Manoff M. An epidemic of absence: a new way of understanding allergies and autoimmune diseases.
New York: Simon and Schuster, 2012.

123. Fox JG, Beck P, Dangler CA, Whary MT, Wang TC, Shi HN, Nagler-Anderson C. Concurrent enteric helminth infec-
tion modulates inflammation and gastric immune responses and reduces helicobacter-induced gastric atrophy. Nat
Med 2000; 6: 536-542.

124. Weinstock JV, Elliott DE. Helminth infections decrease host susceptibility to immune-mediated diseases. J Immunol
2014; 193: 3239-3247.

125. Whary MT, Sundina N, Bravo LE, Correa P, Quinones F, Caro F, Fox JG. Intestinal helminthiasis in Colombian
children promotes a Th2 response to Helicobacter pylori: possible implications for gastric carcinogenesis. Cancer
Epidemiol Biomarkers Prev 2005; 14: 1464-1469.

126. Ek C, Whary MT, lhrig M, Bravo LE, Correa P, Fox JG. Serologic evidence that ascaris and toxoplasma infections
impact inflammatory responses to Helicobacter pylori in Colombians. Helicobacter 2012; 17: 107-115.

127. Gong J, Wang Q, Chen X, Lu J. Helicobacter pylori Vaccine: Mechanism of Pathogenesis, Inmune Evasion and
Analysis of Vaccine Types. Vaccines (Basel) 2025; 13: 526.

128. Fox JG, Wang TC, Nagler-Anderson C. The African enigma: the parasite’s perspective. Gut 2001; 49: 156-157.

129. Mbulaiteye SM, Gold BD, Pfeiffer RM, Brubaker GR, Shao J, Biggar RJ, Hisada M. H. pylori-infection and antibody
immune response in a rural Tanzanian population. Infect Agent Cancer 2006; 1: 3.

130. Wang LJ, Cao Y, Shi HN. Helminth infections and intestinal inflammation. World J Gastroenterol 2008; 14: 5125-5132.

131. White MPJ, McManus CM, Maizels RM. Regulatory T-cells in helminth infection: Induction, function and therapeutic
potential. Immunology 2020; 160: 248-260.

132. Muttiah B, Wahid W, Wahab AA, Hanafiahm A. Co-Infection Dynamics of Helicobacter pylori and Helminths: A
Double-Edged Sword. Int J Mol Sci 2025; 26: 8001.

133. Fuenmayor-Boscan A, Hernandez-Rincén |, Arismendi-Morillo G, Mengual E, Rivero Z, Romero G, Lizarzabal M,
Alvarez-Mon M. Changes in the severity of gastric mucosal inflammation associated with Helicobacter pylori in
humans coinfected with intestinal helminths. Indian J Gastroenterol 2020; 39: 186-195.

134. World Cancer Research Fund/American Institute for Cancer Research. The Continuous Update Project Expert Re-
port 2018. Diet, Nutrition, Physical Activity and Cancer: Colorectal Cancer. Available at: wcrf.org/sites/default/files/
Colorectal-cancer-report.pdf. [Accessed on October 23, 2020].

135. Koshiol J, Wei WQ, Kreimer AR, Ren JS, Gravitt P, Chen W, Kim E, Abnet CC, Zhang Y, Kamangar F, Lin DM, Wang
GQ, Roth MJ, Dong ZW, Taylor PR, Qiao YL, Dawsey SM. The gastric cardia is not a target for human papillomavi-
rus-induced carcinogenesis. Cancer Epidemiol Biomarkers Prev 2010; 19: 1137-1139.

136. Kamangar F, Dawsey SM, Blaser MJ, Perez-Perez Gl, Pietinen P, Newschaffer CJ, Abnet CC, Albanes D, Virtamo
J, Taylor PR. Opposing risks of gastric cardia and noncardia gastric adenocarcinomas associated with Helicobacter
pylori seropositivity. J Natl Cancer Inst 2006; 98: 1445-1452.

137. de Martel C, Parsonnet J. Stomach cancer. In: Thun M, Linet MS, Cerhan JR, Haiman CA, Schottenfeld D (eds).
Cancer Epidemiology and Prevention, 4th ed. Oxford University Press, 2018, pp. 593-610.

138. Morgan E, Arnold M, Camargo MC, Gini A, Kunzmann AT, Matsuda T, Meheus F, Verhoeven RHA, Vignat J, La-
versanne M, Ferlay J, Soerjomataram I. The current and future incidence and mortality of gastric cancer in 185
countries, 2020-40: A population-based modelling study. eClinicalMedicine 2022; 47: 101404.

139. Setshedi M, Watermeyer G. The impact of Helicobacter pylori and intestinal helminth infections on gastric adeno-
carcinoma and inflammatory bowel disease in Sub-Saharan Africa. Front Med (Lausanne) 2022; 9: 1013779.

140. Greenwood BM. Autoimmune disease and parasitic infections in Nigerians. Lancet 1968; 292: 380-382.

141. Greenwood BM, Herrick EM, Voller A. Can parasitic infection suppress autoimmune disease? Proc R Soc Med
1970; 63: 19-20.

142. Sabin EA, Araujo MI, Carvalho EM, Pearce EJ. Impairment of tetanus toxoid-specific Th1-like immune responses in
humans infected with Schistosoma mansoni. J Infect Dis 1996; 173: 269-272.

15


wcrf.org/sites/default/files/Colorectal-cancer-report.pdf
wcrf.org/sites/default/files/Colorectal-cancer-report.pdf

G. Libertini, G. Corbi, V. Conti, N. Ferrara

143. Borkow G, Leng Q, Weisman Z, Stein M, Galai N, Kalinkovich A, Bentwich Z. Chronic immune activation associated with
intestinal helminth infections results in impaired signal transduction and anergy. J Clin Invest 2000; 106: 1053-1060.

144. Doetze A, Satoguina J, Burchard G, Rau T, Léliger C, Fleischer B, Hoerauf A. Antigen-specific cellular hyporespon-
siveness in a chronic human helminth infection is mediated by T(h)3/T(r)1-type cytokines IL-10 and transforming
growth factor-beta but not by a T(h)1 to T(h)2 shift. Int Immunology 2000; 12: 623-630.

145. Elliott DE, Urban Jr JF, Argo CK., Weinstock JV. Does the failure to acquire helminthic parasites predispose to
Crohn’s disease? FASEB J 2000; 14: 1848-1855.

146. Weinstock JV, Summers R, Elliott DE. Helminths and harmony. Gut 2004; 53: 7-9.

147. Zaccone P, Fehervari Z, Phillips JM, Dunne DW, Cooke A. Parasitic worms and inflammatory diseases. Parasite
Immunol 2006; 28: 515-523.

148. Zaccone P, Hall SW. Helminth infection and type 1 diabetes. Rev Diabet Stud 2012; 9: 272-286.

149. Autoimmune Registry. Available at: https://www.autoimmuneregistry.org/autoimmune-diseases. [Accessed on Jan-
uary 10, 2026].

150. Hendaus MA, Jomha FA, Ehlayel M. Allergic diseases among children: nutritional prevention and intervention. Ther
Clin Risk Manag 2016; 12: 361-372.

16


https://www.autoimmuneregistry.org/autoimmune-diseases

