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ABSTRACT. Helicobacter pylori is a Gram-negative, spiral bacterium capable of colonizing the gastric mucosa.
Infections caused by this microorganism often lead to the development of various gastrointestinal complaints.
Simultaneous human colonization by H. pylori and intestinal parasites is a common phenomenon. Moreover, the two
groups of pathogens share the similar predisposing factors. The presence of parasites together with H. pylori can
significantly influence the modulation of the host immune response. During H. pylori infection, strong polarization of
Th1 cells is observed. The presence of protozoa, also contributing to the recruitment of Th1 cells, may well aggravate
this response and exacerbate gastric mucosal damage. In contrast, intestinal helminth infection is associated with the
polarization of lymphocytes towards Th2; their presence enhances the regenerative processes within the digestive tract
and lowers the host overresponse. A literature review suggests that co-infection with intestinal helminths may serve as
a buffering mechanism against the effects of H. pylori and/or protozoan infection, alleviating the Th1-dependent
response and protecting against inflammations within the gastrointestinal tract.
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Helicobacter pylori infections
Helicobacter pylori is a Gram-negative,
microaerophilic, spiral bacterium capable of
colonizing the gastric mucosa. Chronic infections
with this microorganism can contribute to the
development of various gastrointestinal complaints,
including gastritis, gastric and duodenal ulcers,
gastric cancers or MALT lymphomas [1]. This
bacterium has the ability to express various
virulence factors that initiate and enhance the
progression of these diseases. The CagA (cytotoxinassociated gene A) oncoprotein is associated with
immortalization of gastric mucosal cells, tight
junction destruction, the initiation of loss of cell-cell
contact and extracellular matrix remodeling.
Another well-characterized virulence factor of H.
pylori is VacA (vacuolating cytotoxin A), which
contributes to cell apoptosis, promotes inflammation
and inhibits the proliferation of T and B cells. In
addition, strains of this pathogen produce large
amounts of urease, an enzyme associated with the
alkalization of the local environment, as well as

outer membrane proteins (OMPs) that enable rapid
and efficient colonization of the gastric mucosa [2].
The prevalence of H. pylori infection has
changed over the years with an observed downward
trend in most countries [3]. The risk factors for
acquiring this microorganism include age, with
most cases observed during early childhood,
weakened immune status, low socioeconomic and
education status, consumption of contaminated
water sources and the presence of H. pylori
infection in other family members [4]. The infection
most likely spreads through three routes: oral-oral,
gastro-oral and fecal-oral. Transmission of bacteria
from person to person appears to be a major
mechanism for the spread of these microorganisms.
On the other hand, environmental reservoirs,
including contaminated water and food or infected
animals, also appear to be possible [3,5]. Because
H. pylori very often colonizes people with low
hygiene and socioeconomic status, it is important to
know the risk factors and organisms commonly
observed in co-existing infections, such as intestinal
parasites [6].
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H. pylori and intestinal parasites
co-infections
Infections caused by soil parasites, both
protozoa and helminths, are the most common
infections observed in people living in developing
countries [7]. This is due to the ease of transmission
of these etiological agents in high temperature and

humidity conditions, reduced hygiene, overpopulation and consumption of contaminated water
and food [8,9]. In the endemic areas of developing
countries, polyparasitism or co-infections with
several types of gastrointestinal parasites is
frequently observed. This phenomenon is especially
common among young people [7,9]. The presence
of intestinal parasites generates many negative

Table 1. H. pylori and intestinal parasites prevalence and co-infection rate
Country
[reference]

H. pylori
diagnostic
method

Population studied

Number of Prevalence and co-infection rate of infectious agent (%)
subjects

Venezuela [6] Serologic,
SAT

Adults (16-84 y)
Children (3m-15y)

151
167

76,4% (243/318) H. pylori
Co-infections: 70.8% (172/243) with poliparasitism,
18.9% (46/243) with monoparasitism

Uganda [15]

SAT,
Culture

Children (0-12 y)

427

44.3% (189/427) H. pylori
20.1% (86/427) G. lamblia
30.2% (57/189) co-infected

Mexico [16]

Serology

Children (< 18 y)

120

43.75% (21/48) H. pylori without parasites
57.1% (8/14) H. pylori with 1 parasite
52.9% (9/17) H. pylori with 2 parasites
50% (11/22) H. pylori with >2 parasites

Adults (> 19 y)

188

80.4% (78/97) H. pylori without parasites
71.9% (23/32) H. pylori with 1 parasite
61.5% (16/26) H. pylori with 2 parasites
54.5% (18/33) H. pylori with >2 parasites

Children from
Tumaco (1-6 y)

105
110

93,1% (148/159) H. pylori (both regions)
84% (92/110) infected with protozoa
54% (59/110) infected with helminths
45% (49/110) co-infected both with protozoa and
helminths

Children from Pasto
(1-6 y)

54
101

93.1% (148/159) H. pylori (both regions)
72% (73/101) infected with protozoa
25% (25/101) infected with helminths
21% (21/101) co-infected both with protozoa and
helminths

26

73.1 % (19/26) H. pylori co-infected with B. hominis

Colombia [17] Serology

China [19]

Gastric biopsy Adults with B. hominis
monoinfection
(57.2 ± 10.3 y)

Control adults without
38
B. hominis (56.8 ± 11.2 y)

39.5% (15/38) H. pylori monoinfection

Iran [20]

SAT

Children with recurrent
abdominal pain (< 18 y)

68

54.4% (37/68) H. pylori
29.7% (11/37) co-infected with G. lamblia
10.8% (4/37) co-infected with E. histolytica/ E. dispar

Egypt [22]

SAT

Adults (15-60 y)

206

69.4% (143/206) H. pylori
51.4% (70/140) co-infected with G. lamblia or E.
histolytica

Turkey [23]

Serologic,
SAT

Children with recurrent
abdominal pain (3-15 y)

98

49% (48/98) H. pylori
30,6% (30/98) G. lamblia
45.8% (22/48) co-infected

Healthy control
children (3-15 y)

88

45.5% (40/88) H. pylori
20.4% (18/88) G. lamblia
15% (6/40) co-infected

SAT: stool antigen test
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health consequences, i.e. damage to host tissue,
reduced nutrient absorption and malnutrition, or
immune modulation [8]. Protozoa are single-celled
organisms and can therefore rapidly grow in the
host organism, leading to the development of
complications such as malaise, fatigue,
malnutrition, epigastric pain, inflammation or the
digestive tract ulceration [10]. These parasites cause
high mortality, especially in children, and often coexist with functional impairment of the immune
system, for example during AIDS/ HIV [8]. The
most common gastrointestinal protozoa include
Giardia lamblia, Entamoeba histolytica, Cryptosporidium parvum, Cyclospora cayetanensis,
Dientamoeba fragilis, Blastocystis hominis,
Isospora belli and Micromonospora [8,10].
Helminths are multicellular and capable of
surviving in the host organism for decades. Unlike
the fast-growing protozoa that promote Th1
polarization, helminth infections contribute to Th2
recruitment. Thus, their presence is linked with
immune suppression and enhancement of the
regenerative processes within the digestive tract
[7,11]. There are three classes of intestinal
helminths: nematodes (Ascaris lumbricoides,
Ancylostoma duodenale, Necator americanus,
Trichuris trichiura, Strongyloides stercoralis,
Enterobius vermicularis, Toxocara canis/cati),
cestodes (Taenia solium/saginata, Echinococcus
granulosus/multilocularis) and trematodes (Fasciolopsis buski, Heterophes heteropes and Echnostoma
ilocanum) [8,12].
Colonization of humans by H. pylori and
intestinal parasites is very common. In addition, the
two groups share similar predisposing factors.
Therefore, a determination of the frequency of coinfection and the effect of these organisms on
immune system function is an important factor in
public health promotion.
To our knowledge, there are only two studies
reporting the relationship between H. pylori and
intestinal parasites in Europe. The presence of G.
lamblia was detected in 6.5% (9/137) of an Italian
population with irritable bowel syndrome (IBS) and
dyspepsia, eight cases of which were associated
with H. pylori [13]. Another study found the coinfection rate with G. lamblia to be 44.6% (25/56)
in Portugalete children with positive H. pylori status
[14]. Due to the relatively small body of data on the
incidence of intestinal parasites and H. pylori coinfections in developed countries, this review
focuses on the prevalence of these pathogens in
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developing areas.
Many studies have shown a significant
relationship between the presence of H. pylori and
intestinal parasites (Table 1). Studies using the stool
antigen test (SAT) detection method found the
incidence of H. pylori infection to range from
44.3% in Ugandan children [15] to 76.4% among
the Venezuelan population [6]. Much higher values
were achieved with serological detection in children
and adults: 84.2% and 100% in Mexico [16] and
93.1% and 99% in Columbia [17], respectively.
This indicates that the method of detecting active H.
pylori infection using serological tests only is not
sufficiently specific because of the risk of false
positive results [18]. However, regardless of the
method used to detect this bacterium, many H.
pylori infections have been shown to be associated
with infections caused by intestinal parasites.

Co-infections with protozoa
It has been observed that protozoa are often
present in co-infections. In the Chinese population,
the incidence of H. pylori was positively correlated
with Blastocystis hominis infections, as patients
infected with this parasite were more likely to have
H. pylori in the bioptic samples (73.1%) than the
uninfected control group (39.5 %) [19]. In children
living in Ilham City with recurrent abdominal pain
and positive H. pylori status, co-infections with
Giardia lamblia and Entamoeba histolytica/dispar
were reported in 29.7% and 10.8% of cases,
respectively [20]. A group of the same researchers
in a subsequent experiment on a wider population,
including children and adults, showed a similar
incidence of these etiologic factors, i.e. 30.7% for
G. lamblia and 12.7% for E. histolytica/dispar [21].
In the Tanta City district in Egypt, an even higher
prevalence of co-infections with these protozoa was
observed, with more than half of the subjects
presenting co-infection of H. pylori with either E.
histolytica or G. lamblia [22]. In children from subSaharan Africa, it has been documented that people
infected with G. lamblia had a threefold higher
chance of co-occurrence with H. pylori (12.2% vs.
30.2%). Moreover, the highest frequency of G.
lamblia isolation was demonstrated by children
aged one to five years (28.7%; 43/150) [15]. A
comparative experiment involving children with
recurrent abdominal pain and a control group
revealed no difference in the detection of H. pylori
or G. lamblia. However, it was noticed that in the

258
group of children with gastrointestinal disorders the
co-infection rate was three times higher than in
asymptomatic children (45.8% vs. 15%) [23].
These results may suggest that the presence of
both pathogens may aggravate the progression of
gastrointestinal ailments. Isaeva et al. [24] collected
bioptic and bile samples from 160 patients suffering
from chronic cholecystitis associated with chronic
gastroduodenitis; the presence of G. lamblia was
detected in 47.5 ± 3.95% of cases, and in the
stomach in 29.09 ± 6.12% of individuals. A close
relationship was observed between G. lamblia and
H. pylori infections, as all isolated protozoa coexisted with this bacterial species. Elsewhere, the
presence of G. lamblia trophozoites was verified in
biopsies taken from 54 gastric cancer patients and
100 subjects with peptic ulcers. Protozoa were
isolated in 14.9% (8/54) and 20% (7/35),
respectively. A significant correlation was observed
between the presence of G. lamblia in gastric
samples and H. pylori status, as 6/7 persons with
peptic ulcers and all cases with gastric cancer coexisted with these microorganisms [25]. H. pylori
infection is suggested to affect the increased
secretion of proinflammatory cytokines IL-2 and
IFN-γ in the gastric environment, resulting in a
reduction of gastric acid secretion [26].
Abnormalities in acid barrier function and the
presence of chronic atrophic gastritis favor
colonization of this organ by other microorganisms,
including G. lamblia [27,28].
The hypothesis of H. pylori-dependent gastric
acid suppression, however, is not entirely true. H.
pylori infections can contribute to both reduction or
increase of gastric acid production. In fact,
increased gastric acid secretion is often observed in
the course of peptic ulcer and H. pylori antrum
colonization. In contrast, the presence of these
bacteria in the corpus region promotes elevated pH
in the gastric environment, a condition predisposing
to the development of carcinogenesis [29].
Therefore, it appears that the effect of H. pylori on
parasitic infection depends on the location of this
bacterium within the stomach. While H. pylori may
improve the colonization of this niche by acidsensitive parasites during infection of the corpus
region, a potentially inverse correlation is observed
in the antrum localization of H. pylori.

Co-infections with helminths
It has been suggested that a relationship exists
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between H. pylori and intestinal helminths. The
incidence of H. pylori in the Venezuelan population
was significantly higher when concurred with
multiple parasitic infections (70.8%) than during
monoparasitosis (18.9%) or without parasitic
infection (10.3%) [6]. In addition, the seroprevalence of H. pylori was found to be almost
twice as high in a group of children aged 0-5 years
who were also infected by Ascaris lumbricoides
than those who were not [6]; however, the opposite
was observed in a Mexican population, where the
amount of parasites was negatively correlated with
H. pylori seroprevalence [16]. The discrepancies in
the results obtained are probably determined by
differences in the incidence of intestinal helminths.
Fuenmayor-Boscán et al. [6] report a significantly
higher rate of H. pylori and helminth co-infection
(77.2–92.7%) than Torres et al. (< 5%) [16].
Hence, the presence of intestinal helminths may
seem to play a key role in regulating the H. pylori
infection. Whary et al. [17] have verified the
presence of intestinal parasites and H. pylori in
children and adults living in two Colombian areas,
i.e. Pasto, with a high gastric cancer rate, and
Tumaco, where a low level of gastric carcinogenesis
is recorded. There were no differences in the H.
pylori incidence between the two study groups. It
has been shown, however, that prevalence of
parasitic infections is higher in the Tumaco region
(93%) than in the Pasto (76%). Moreover, the
Tumaco residents demonstrate more than twice the
prevalence of helminthic infections (54%) than
those of Pasto (25%). Among them, Ascaris
lumbricoides was detected in 35% (38/110) and
22% (22/101) while Trichuris trichiura was found
in 43% (47/110) and 8% (8/101), respectively.
Indirect determination of parasitic infection
intensity by IgE level measurement showed that the
level of this immunoglobulin was higher among
people from Tumaco: i.e. more than fivefold higher
in children and twice in adults.
There is also a link between H. pylori infection
and schistosomosis. Schistosoma does not belong to
the intestinal helminths group, but its presence in
the host organism can significantly affect the
functioning of the digestive tract. The mature forms
of these parasites are located within the mesenteric
venules where they produce eggs. Many eggs do not
leave the body, and contribute to the granulomatous
immune response, and over time, this reaction is
silenced, leading to the chronic form of intestinal
schistosomosis [30]. Du et al. [31] report no
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difference in the incidence of H. pylori in patients
with Schistosoma japonicum infection (53%) and
non-infected cases (49.3%). In contrast, significantly
lower incidence and titers of anti-CagA IgG
antibodies were demonstrated in patients with coinfection (52.3%, 9.5 U/ml) than those without
parasitic infection (75.8%, 18 U/ml). Moreover, the
ratio of pepsinogen I/II was also higher during coinfection. These results suggest that the presence of
parasites does not always affect the frequency of H.
pylori infection, but may play an important role in
modulating host response to ongoing infection, e.g.
by affecting the host immune system.

Response of the immune system to ongoing
infections
H. pylori infection induces the activation of
innate and acquired response from the host immune
system [4,32]. Th1 and Th2 cells play an important
role in shaping this response with Th1 dominating.
These immune cells control the host cellular
response, promote the secretion of proinflammatory
cytokines IL-2 and INF-γ and reduce Th2dependent immune activity. Recruitment of Th17
cells, which are the source of cytokines IL-17A, IL17F, IL-21 and IL-22, is also observed. These
mediators are involved in antimicrobial activity
directed against extracellular bacteria and fungi, and
the pathogenesis of autoimmune diseases [4,33,34].
An increase in IL-17 secretion affects the production
of IL-8, the chemoattractant proinflammatory
cytokine which promotes the chemotaxis of
neutrophils into gastric tissue [35]. Chronic
neutrophil infiltration has a strong destructive effect
on the mucosa, as these cells generate oxidative
stress by reactive forms of oxygen and nitrogen.
Immune cell clusters also contain histaminereleasing mast cells, which induce vasodilatation
and the formation of edemas [32]. Despite the
involvement of both Th1 and Th17 cells in the H.
pylori antimicrobial response, neither are capable of
completely removing these microorganisms from
the body; this is due to the fact that H. pylori
promotes the recruitment of regulatory lymphocytes
(Treg), which reduces the antibacterial host immune
response and perpetuates the gastric mucosal
infection [4].

Immunological response against protozoa
The presence of protozoa in the host organism
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results in a similar immune response with strong
polarization of lymphocytes towards Th1.
Antimicrobial type 1 response is characterized by
the secretion of proinflammatory cytokines IL-2,
IL-12 and IFN-γ. Their presence contributes to host
tissue damage. These symptoms are further
influenced by the activation of cellular responses
(macrophages and neutrophils) and cytotoxic
lymphocytes (Tc) [36,37].
The development of gastritis, peptic ulcers,
gastrointestinal metaplasia and gastric cancer in H.
pylori infection are also dependent on the type 1
immune response [38]. For this reason, the presence
of protozoa, which intensify this response, is likely
to significantly aggravate these ailments. Such
conclusions were drawn by Ek et al. [39], who
indicate an increased risk of gastric oncogenesis in
patients with Toxoplasma gondii. It cannot be
excluded that intestinal protozoa, e.g. G. lamblia, C.
parvum or E. histolytica, can also lead to the
exacerbation of digestive system diseases [40]. The
reverse tendency, and the suppression of
hyperimmune response, have been implicated
during H. pylori and A. lumbricoides co-infection
[39].

Immunological response against helminths
The destruction of host tissues is a common
phenomenon associated with helminthic infections
[41]. Defense mechanisms, including highly toxic
compounds, can significantly harm the host.
However, as a result of host-parasite co-evolution,
both organisms have developed co-existence
mechanisms. This process of host-parasite matching
is well described in helminths such as A.
lumbricoides (roundworm) and T. trichiura
(whipworm), and two species of hookworm: N.
americanus and A. duodenale [42]. Unlike singlecell microorganisms that promote Th1 polarization,
helminth infections contribute to Th2 recruitment
[43–47]. These cells secrete cytokines IL-4, IL-5,
IL-10 and IL-13, whose production is liked with
suppression of the proinflammatory immune
response and regeneration of damaged tissues. This
process is conducive to the recruitment of
eosinophils, alternative macrophage activation and
blockage of Th1-mediated response [12,41].
Eosinophils store many compounds involved in
tissue repair and remodeling, including cytokines,
growth factors, cationic proteins and matrix
metalloproteases (MMPs) [48].
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Alternatively activated macrophages (AAM/
M2) are larger and more multivacuolar than the
classically activated macrophages (CAM/ M1),
which protect against the development of infection
but may contribute to the initiation of inflammatory
processes. The specific properties of AAM include
the ability to induce differentiation of Th0 cells into
Th2 cells and activate eosinophils and eosinophildependent IgE production [11,41]. The mechanism
responsible for Th2 differentiation is not well
understood, but it is suggested that the agents
potentially involved in this process are TGF-β, antiinflammatory cytokines produced by AAM. Their
production correlates with the inhibition of IFN-γ
secretion during primary stimulation and therefore
promotes the shift in cell differentiation towards
Th2 [49]. It has been shown that AAM clusters
express eosinophil chemoattractant agents: Ccl24
(eotaxin-2) and Ccl8. Their presence contributes to
the increased influx of these cells and eosinophilmediated IgE production [50]. In addition, AAM
regulate the extracellular matrix turnover and
scarring processes [11,41]. An important enzyme
produced by AAM is arginase I (Arg I). Arg Ipositive macrophages maintain balance between
Treg and Th17 in the gastrointestinal mucosa and
cause suppression of endotoxemia, neutrophilia,
differentiation of M1 macrophages and Th17 cells,
thus in turn suppressing the proinflammatory
response [51].
The initial stages of helminth infection are
associated with a strong host response. These
mechanisms include both tissue reconstruction
(tolerance) and defense processes [37]. For
example, enhanced collagen synthesis contributes to
both regeneration and parasite encapsulation
[37,52]. During prolonged exposure of the host
organism to helminthic antigens, a gradual decrease
in proinflammatory activity and an increased
response from the Treg cells occurs [11,45]. The
immunomodulating pathways that regulate
peripheral tolerance mechanisms rely on helminthbased IL-10 synthesis and the production of
parasitic TGF-β analogs [38]. The synthesis of antiinflammatory IL-10 and TGF-β is associated with
the possibility of persistent host infection, reduced T
cell activity, the suppression of tissue damage and a
profibrinogenic effect [41]. The ability to induce
anti-inflammatory cytokines and promote immune
suppression has been demonstrated in parasites such
as Hymenolepis nana, Trichuris trichiura, Ascaris
lumbricoides, Strongyloides stercoralis and
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Enterobius vermicularis [53].
Many studies assessing the effect of helminths
on Th1-dependent response mitigation include a
model parasitic organism, i.e. the intestinal
nematode – Heligmosomoides polygyrus [11]. It has
been shown that colonization with this parasite
lowers IL-17A levels and increases the activity of
type 2 (IL-4 and IL-10) immune responses, thus
protecting against gastrointestinal mucosa
inflammation [54]. A 5-month study of H. pylori
and Heligmosomoides polygyrus co-infection on
gastric mucosal ulceration and proliferative
processes by Whary et al. [55] found that the coexistence of these organisms correlated with a
reduction of gastric atrophy, dysplasia and H.
pylori-mediated microflora changes. The presence
of non-invasive (8/12) and invasive (2/12) gastric
tumors was noted in individuals with H. pylori
monoinfection. Oncogenesis detection was significantly lower in mice with co-infection, as four out
of 10 subjects had non-invasive dysplasia, and no
invasive neoplasms were identified. Similar
observations were made by Fox et al. [56] during
co-infection of Helicobacter felis and H. polygyrus.
This contributed to the polarization of Th1 towards
Th2 profile and the reduction of proinflammatory
cytokines and chemokines, with the consequential
alleviation of gastric atrophy .
To sum up, the development of gastritis, peptic
ulcer, gastrointestinal metaplasia and gastric cancer
in H. pylori infection are dependent on the type 1
immune response. It seems that the co-infections of
H. pylori with protozoa may contribute to the
strengthening of the pathogenesis within the
gastrointestinal tract. This mechanism is
conditioned by the recruitment of the same immune
cells, i.e. Th1 cells, by both types of microorganisms. The activation of type 1 immune
response promotes inflammatory and degenerative
processes in the tissues of the digestive tract. The
reverse relationship between H. pylori existence and
inflammation of the gastrointestinal tract is
observed during coinfection with intestinal
helminths; their presence may lead to alleviation of
the overactive immune response to H. pylori by
suppressing the differentiation of M1 macrophages
and Th1 cells, and stimulating the regeneration and
recruitment of AMM and Th2 cells.
Polyparasitism, or co-infections with several
types of gastrointestinal parasites, is often observed
in developing countries, and simultaneous human
colonization by H. pylori and intestinal parasites is
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a common phenomenon. Moreover, predisposing
factors are coincident in both groups of these
pathogens, including low age, immunosuppression
status, low socioeconomic and educational status,
and consumption of contaminated water sources.
During H. pylori infection, strong polarization of
Th1 cells is observed. These cells activate the
processes involved in the elimination of
microorganisms from the host organism, but they
can also result in tissue damage. The development of
H. pylori-mediated gastric mucosal inflammation,
peptic ulcer and gastric cancer is strongly correlated
with the promotion of the type 1 immune response.
The presence of protozoa, which contribute to the
recruitment of the same type of cells, is highly likely
to intensify this response and exacerbate the damage
to the gastric mucosa. The reverse tendency, and the
polarization of lymphocytes towards Th2 occurs
during intestinal helminth infection. The presence of
helminths enhances the regenerative processes
within the digestive tract and ameliorates the host
overresponse.
A review of the literature suggests that H. pylori
and/or protozoan co-infection with intestinal
helminths may be a buffering mechanism
contributing to alleviation of the Th1-dependent
response and protecting against inflammation
within the gastrointestinal tract. Still, more research
is needed to understand the complexity and
consequences of these interactions.

References
[1] Valenzuela M.A., Canales J., Corvalán A.H., Quest
A.F.G. 2015. Helicobacter pylori-induced inflammation and epigenetic changes during gastric
carcinogenesis. World Journal of Gastroenterology
21: 12742-12756. doi:10.3748/wjg.v21.i45.12742
[2] Roesler B.M., Rabelo-Gonçalves E.M.A., Zeitune
J.M.R. 2014. Virulence factors of Helicobacter
pylori: a review. Clinical Medicine Insights: Gastroenterology 7: 9-17. doi:10.4137/FCGast.S13760
[3] Eusebi L.H., Zagari R.M., Bazzoli F. 2014.
Epidemiology of Helicobacter pylori infection.
Helicobacter 19: 1-5. doi:10.1111/hel.12165
[4] Larussa T., Leone I., Suraci E., Imeneo M., Luzza F.
2015. Helicobacter pylori and T helper cells:
Mechanisms of immune escape and tolerance.
Journal of Immunology Research 2015: 1-10.
doi:10.1155/2015/F981328
[5] Khalifa M.M., Sharaf R.R., Aziz R.K. 2010.
Helicobacter pylori: a poor man’s gut pathogen? Gut
Pathogens 2: 2. doi:10.1186/1757-4749-2-2
[6] Fuenmayor-Boscán A.D., Hernández I.M., Valero

261
K.J., Paz A.M., Sandrea L.B., Rivero Z. 2016.
Association between Helicobacter pylori and
intestinal parasites in an Añu indigenous community
of Venezuela. Indian Journal of Gastroenterology 35:
106-112. https://doi.org/10.1007/s1266
[7] Haque R. 2007. Human intestinal parasites. The
Journal of Health, Population and Nutrition 25: 387391.
[8] Harhay M.O., Horton J., Olliaro P.L. 2010.
Epidemiology and control of human gastrointestinal
parasites in children. Expert Review of Anti-infective
Therapy 8: 219-234.
http://dx.doi.org/10.1586/eri.09.119
[9] Schmidlin T., Hürlimann E., Silué K.D., Yapi R.B.,
Houngbedji C., Kouadio B.A., Acka-Douabélé C.A.,
Kouassi D., Ouattara M., Zouzou F., Bonfoh B.,
N’Goran E.K., Utzinger J., Raso G. 2013. Effects of
hygiene and defecation behavior on helminths and
intestinal protozoa infections in Taabo, Côte d’Ivoire.
PLOS ONE 8: e65722.
doi:10.1371/journal.pone.0065722
[10] Abdullah I., Tak H., Ahmad F., Gul N., Nabi S., Sofi
T.A. 2016. Predominance of gastrointestinal protozoan
parasites in children: A brief review. Journal of
Health Education Research and Development 4: 194.
https://doi.org/10.4172/2380-5439.1000194
[11] Maizels R.M., Yazdanbakhsh M. 2003. Immune
regulation by helminth parasites: Cellular and
molecular mechanisms. Nature Reviews Immunology
3: 733-744. doi:10.1038/nri1183
[12] Bethony J., Brooker S., Albonico M., Geiger S.M.,
Loukas A., Diemert D., Hortez P.J. 2006. Soiltransmitted helminth infections: Ascariasis,
trichuriasis, and hookworm. Lancet 367: 1521-1532.
https://doi.org/10.1016/S0140-6736(06)68653-4
[13] Grazioli B., Matera G., Laratta C., Schipani G.,
Guarnieri G., Spiniello E., Imeneo M., Amorosi A.,
Focà A., Luzza F. 2006. Giardia lamblia infection in
patients with irritable bowel syndrome and dyspepsia:
A prospective study. World Journal of Gastroenterology 28: 1941-1944.
https://dx.doi.org/10.3748/wjg.v12.i12.1941
[14] Julio C., Vilares A., Oleastro M., Ferreira I., Gomes
S., Monteiro L., Nunes B., Tenreiro R., Angelo H.
2012. Prevalence and risk factors for Giardia
duodenalis infection among children: A case study in
Portugal. Parasite Vectors 5: 22.
doi:10.1186/1756-3305-5-22
[15] Ankarklev J., Hestvik E., Lebbad M., Lindh J.,
Kaddu-Mulindwa D.H., Andersson J.O., Tylleskär T.,
Tumwine J.K., Svärd S.G. 2012. Common
coinfections of Giardia intestinalis and Helicobacter
pylori in non-symptomatic Ugandan children. PLOS
Neglected Tropical Diseases 6: e1780.
https://doi.org/10.1371/journal.pntd.0001780
[16] Torres J., Perez G.P., Ximenez C., Muñoz L.,
Camorlinga-Ponce M., Ramos F., Gomez A., Muñoz

262
O. 2003. The association of intestinal parasitosis and
H. pylori infection in children and adults from a
Mexican community with high prevalence of
parasitosis. Helicobacter 8: 179-185.
doi:10.1046/j.1523-5378.2003.00142.x
[17] Whary M.T., Sundina N., Bravo L.E., Correa P.,
Quinones F., Caro F., Fox J.G. 2005. Intestinal
helminthiasis in Colombian children promotes a Th2
response to Helicobacter pylori: Possible implications
for gastric carcinogenesis. Cancer Epidemiology,
Biomarkers and Prevention 14: 1464-1469.
http://cebp.aacrjournals.org/content/14/6/1464
[18] Nugalieva Z.Z., Opekun A.R., Graham D.Y.,
Graham D.Y. 2006. Problem of distinguishing falsepositive tests from acute or transient Helicobacter
pylori infections. Helicobacter 11: 69-74.
https://doi.org/10.1111/j.1523-5378.2006.00380.x
[19] Chen T.L., Chan C.C., Chen H.P., Fung C.P., Lin
C.P., Chan W.L., Liu C.Y. 2003. Clinical
characteristics and endoscopic findings associated
with Blastocystis hominis in healthy adults. The
American Journal of Tropical Medicine and Hygiene
69: 213-216.
https://doi.org/10.4269/ajtmh.2003.69.213
[20] Kazemian H., Shavalipour A., Mohebi R., Ghafurian
S., Aslani S., Maleki A., Kardan J., Heidari H.,
Sadeghifard N. 2014. Estimation of the parasitic
infection prevalence in children with Helicobacter
pylori infection in Ilam City (2012-2013). Archives of
Pediatric Infectious Diseases 2: e15294.
http://dx.doi.org/10.5812/pedinfect.15294
[21] Kazemian H., Heidari H., Yamchi J.K., Shavalipour
A., Ghafourian S., Mohebi R., Heidari H.,
Sadeghifard N. 2016. Relationship between Helicobacter pylori infection and parasitic infection in
patients in Ilam. Infection, Epidemiology and
Medicine 2: 15-17.
http://dx.doi.org/10.18869/modares.iem.2.2.15
[22] Sabah A.A., Gneidy M.R., Saleh N.M.K. 2015.
Prevalence of Helicobacter pylori infection among
adult patients with different gastrointestinal parasites
in Tanta City district. Journal of the Egyptian Society
of Parasitology 45: 101-106. doi:10.12816/0010855
[23] Moreira E.D., Nassri V.B., Santos R.S., Matos J.F.,
de Carvalho W.A., Silvani C.S., Santana e Sant’ana
C. 2005. Association of Helicobacter pylori infection
and giardiasis: Results from a study of surrogate
markers for fecal exposure among children. World
Journal of Gastroenterology 11: 2759-2763.
https://dx.doi.org/10.3748/wjg.v11.i18.2759
[24] Isaeva G.S., Efimova N.G. 2010. Gastrointestinal
giardiasis associated with Helicobacter pylori.
Experimental and Clinical Gastroenterology 6: 30-34
(in Russian with summary in English).
[25] Misra V., Misra S.P., Dwivedi M., Singh P.A. 2006.
Giardia lamblia trophozoites in gastric biopsies.
Indian Journal of Pathology and Microbiology 49:

P. Krzy¿ek, G. Goœciniak
519-523.
[26] Padol I.T., Hunt R.H. 2004. Effect of Th1 cytokines
on acid secretion in pharmacologically characterised
mouse gastric glands. Gut 53: 1075-1081.
https://dx.doi.org/10.1136/gut.2003.026435
[27] Hosni H., Kamel M., Kotb M., Gheith M. 2012.
Histopathological study of upper gastrointestinal tract
for Helicobacter pylori and giardiasis in Egyptian
children. The Medical Journal of Cairo University 80:
283-291.
[28] Windle H.J., Kelleher D., Crabtree J.E. 2007.
Childhood Helicobacter pylori infection and growth
impairment in developing countries: A vicious cycle?
Pediatrics 119: e754-759.
https://doi.org/10.1542/peds.2006-2196
[29] Konturek S.J., Konturek P.C., Konturek J.W., Plonka
M., Czesnikiewicz-Guzik M., Brzozowski T.,
Bielanski W. 2006. Helicobacter pylori and its
involvement in gastritis and peptic ulcer formation.
Journal of Physiology and Pharmacology 57: 29-50.
[30] Colley D.G., Bustinduy A.L., Secor W.E., King C.H.
2014. Human schistosomiasis. Lancet 383: 22532264.
http://dx.doi.org/10.1016/S0140-6736(13)61949-2
[31] Du Y., Agnew A., Ye X., Robinson P.A., Forman D.,
Crabtree J.E. 2006. Helicobacter pylori and
Schistosoma japonicum co-infection in a Chinese
population: helminth infection alters humoral
responses to H. pylori and serum pepsinogen I/II
ratio. Microbes and Infection 8: 52-60.
https://doi.org/10.1016/j.micinf.2005.05.017
[32] Ieni A., Barresi V., Rigoli L., Fedele F., Tuccari G.,
Caruso R.A. 2016. Morphological and cellular
features of innate immune reaction in Helicobacter
pylori gastritis: A brief review. International Journal
of Molecular Sciences 17: 109.
http://dx.doi.org/10.3390/ijms17010109
[33] Khamri W., Walker M.M., Clark P., Atherton J.C.,
Thursz M.R., Bamford K.B., Lechler R.I., Lombardi
G. 2010. Helicobacter pylori stimulates dendritic
cells to induce interleukin-17 expression from CD4+
T lymphocytes. Infection and Immunity 78: 845-853.
https://dx.doi.org/10.1128/IAI.00524-09
[34] D’Elios M.M., Manghetti M., De Carli M., Costa F.,
Baldari C.T., Burroni D., Telford J.L., Romagnani S.,
Del Prete G. 1997. T helper 1 effector cells specific
for Helicobacter pylori in the gastric antrum of
patients with peptic ulcer disease. The Journal of
Immunology 158: 962-967.
[35] Luzza F., Parrello T., Monteleone G., Sebkova L.,
Romano M., Zarrilli R., Imeneo M, Pallone F. 2000.
Up-regulation of IL-17 is associated with bioactive
IL-8 expression in Helicobacter pylori-infected
human gastric mucosa. The Journal of Immunology
165: 5332-5337.
https://doi.org/10.4049/jimmunol.165.9.5332
[36] Engwerda C.R., Ng S.S., Bunn P.T. 2014. The

Frequency and immunological
regulation of CD4(+) T cell responses during
protozoan infections. Frontiers in Immunology 5:
498. https://doi.org/10.3389/fimmu.2014.00498
[37] Gause W.C., Wynn T.A., Allen J.E. 2013. Type 2
immunity and wound healing: Evolutionary
refinement of adaptive immunity by helminths.
Nature Reviews Immunology 13: 607-614.
doi:10.1038/nri3476
[38] Houghton J., Fox J.G., Wang T.C. 2002. Gastric
cancer: laboratory bench to clinic. Journal of
Gastroenterology and Hepatology 17: 495-502.
doi:10.1046/j.1440-1746.2002.02770.x
[39] Ek C., Whary M.T., Ihrig M., Bravo L.E., Correa P.,
Fox J.G. 2012. Serologic evidence that Ascaris and
Toxoplasma infections impact inflammatory
responses to Helicobacter pylori in Colombians.
Helicobacter 17: 107-115.
doi:10.1111/j.1523-5378.2011.00916.x
[40] Kasper L.H., Buzoni-Gatel D. 2001. Ups and downs
of mucosal cellular immunity against protozoan
parasites. Infection and Immunity 69: 1-8.
https://dx.doi.org/10.1128/IAI.69.1.1-8.2001
[41] Allen J.E., Wynn T.A. 2011. Evolution of Th2
immunity: A rapid repair response to tissue
destructive pathogens. PLoS Pathogens 7: e1002003.
https://doi.org/10.1371/journal.ppat.1002003
[42] Hurtado A.M., Frey A.M., Hurtado I., Hill K. Baker
J. 2008. The role of helminthes in human evolution
implications for global health in the 21st century. In:
Evolution and medicine: current applications and
future prospects. (Eds. S. Elton, P. Higgins). Taylor
and Francis, New York: 151-178.
[43] Geiger S.M., Massara C.L., Bethony J., Soboslay
P.T., Carvalho O.S., Corrêa-Oliveira R. 2002. Cellular
responses and cytokine profiles in Ascaris
lumbricoides and Trichuris trichiura infected
patients. Parasite Immunology 24: 499-509.
doi:10.1046/j.1365-3024.2002.00600.x
[44] Hussaarts L., Yazdanbakhsh M., Guigas B. 2014.
Priming dendritic cells for Th2 polarization: Lessons
learned from helminths and implications for
metabolic disorders. Frontiers in Immunology 5: 499.
https://doi.org/10.3389/fimmu.2014.00499
[45] Maizels R.M., Pearce E.J., Artis D., Yazdanbakhsh
M., Wynn T.A. 2009. Regulation of pathogenesis and
immunity in helminth infections. The Journal of
Experimental Medicine 206: 2059-2066.
https://dx.doi.org/10.1084/jem.20091903
[46] Krawczak K., Donskow-Łysoniewska K., Doligalska
M. 2017. Regulatory function of parasites in
autoimmune disease – outcome from experimental
model infection. Annals of Parasitology 63: 7-14.
doi:10.17420/ap6301.78
[47] Chen F., Liu Z., Wu W., Rozo C., Bowdridge S.,
Millman A., Van Rooijen N., Urban J.F. Jr., Wynn
T.A., Gause W.C. 2012. An essential role for Th2type responses in limiting acute tissue damage during

263
experimental helminth infection. Nature Medicine 18:
260-266. doi:10.1038/nm.2628
[48] Rosenberg H.F., Dyer K.D., Foster P.S. 2013.
Eosinophils: Changing perspectives in health and
disease. Nature Reviews Immunology 13: 9-22.
doi:10.1038/nri3341
[49] Loke P., MacDonald A.S., Allen J.E. 2000. Antigenpresenting cells recruited by Brugia malayi induce
Th2 differentiation of naïve CD4(+) T cells.
European Journal of Immunology 30: 1127-1135.
doi:10.1002/(SICI)1521-4141(200004)30:4<1127
::AID-IMMU1127>3.0.CO;2-#
[50] Thomas G.D., Rü D., Maskrey B.H., Whitfield P.D.,
Blaxter M.L., Allen J.E. 2012. The biology of
nematode-and IL4Rα-dependent murine macrophage
polarization in vivo as defined by RNA-Seq and
targeted lipidomics. Blood 120: 93-104.
doi:10.1182/blood-2012-07-442640
[51] Herbert D.R., Orekov T., Roloson A., Ilies M.,
Perkins C., O’Brien W., Cederbaum S., Christianson
D.W., Zimmermann N., Rothenberg M.E., Finkelman
F.D. 2010. Arginase I suppresses IL-12/IL-23p40driven intestinal inflammation during acute
schistosomiasis. The Journal of Immunology 184:
6438-6446.
https://doi.org/10.4049/jimmunol.0902009
[52] Wynn T.A. 2004. Fibrotic disease and the TH1/TH2
paradigm. Nature Reviews Immunology 4: 583-594.
doi:10.1038/nri1412
[53] Correale J., Farez M. 2007. Association between
parasite infection and immune responses in multiple
sclerosis. Annals of Neurology 61: 97-108.
doi:10.1002/ana.21067
[54] Elliott D.E., Metwali A., Leung J., Setiawan T.,
Blum A.M., Ince MN, Bazzone L.E., Stadecker M.J.,
Urban J.F. Jr, Weinstock J.V. 2008. Colonization with
Heligmosomoides polygyrus suppresses mucosal IL17 production. The Journal of Immunology 181:
2414-2419. doi:10.4049/jimmunol.181.4.2414
[55] Whary M.T., Muthupalani S., Ge Z., Feng Y.,
Lofgren J., Shi H.N., Taylor N.S., Correa P.,
Versalovic J., Wang T.C., Fox J.G. 2014. Helminth
co-infection in Helicobacter pylori infected INS-GAS
mice attenuates gastric premalignant lesions of
epithelial dysplasia and glandular atrophy and
preserves colonization resistance of the stomach to
lower bowel microbiota. Microbes and Infection 16:
345-355.https://doi.org/10.1016/j.micinf.2014.01.005
[56] Fox J.G., Beck P., Dangler C.A., Whary M.T., Wang
T.C., Shi H.N., Nagler-Anderson C. 2000. Concurrent
enteric helminth infection modulates inflammation
and gastric immune responses and reduces
Helicobacter-induced gastric atrophy. Nature
Medicine 6: 536-542. doi:10.1038/75015
Received 02 June 2017
Accepted 24 July 2017

