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ABSTRACT
Background: Helicobacter pylori infects half of world’s population causing local tissue damage in gastric
mucosa. The implication in a variety of extraintestinal disorders is less clear and the available studies often lead
to conflicting results.
Aim: This article will review the implication of Helicobacter pylori in the development of non-malignant
haematological disorders in adults. Epidemiological data, possible pathogenetic mechanisms and the role of
eradication therapy are analyzed.
Methodology: Relevant articles published in English during the last two decades were found through PubMed
and SCOPUS.
Results: Significant advances have been made in understanding the pathophysiology of Helicobacter pyloriinduced haematological disorders. The investigation of persistently thrombocytopenic and anaemic patients in
absence of other causative factors should include Helicobacter pylori assays. Half of infected thrombocytopenic
patients respond to eradication, whereas the outcomes are less clear in anaemic disorders. Bacterial strains and
genetic factors seem to influence the outcome of bacterium eradication. The implication of Helicobacter pylori in
atherosclerosis remains controversial and it is attributed either to inflammation process or to direct alteration in
haemostatic factors.
Conclusion: Large randomized studies are needed to determine the subpopulation at risk of developing
Helicobacter pylori-related haematological disorders. In this case prompt screening and eradication treatment
could be of major importance.
Keywords: anaemia, Helicobacter pylori, iron deficiency, thrombocytopenia, thrombosis

Introduction
Helicobacter pylori (HP) is a common pathogen,
infecting approximately 50% of world’s
population (Ali & Whitehead, 2008). The
prevalence in developed countries is 25-40% and
is almost 100% in developing ones (Windsor et
al, 2005). Bacteria have been isolated from feces,
saliva; and dental plaques, suggesting a fecal-oral

route of transmission (Ndip, 2003). The infection
is usually acquired at the age of 10 and persists
lifelong without antibiotic treatment (Sherman,
2004). Anti-HP IgG antibodies increase with age.
They have been found in 40% of those aged 1-14
years and in up to 60% of 18-24 year-old
Mexicans; and 100% of 60-69 year-old Turkeys
(Kikuchi & Dore, 2005).
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HP is a gram-negative spiral shaped bacterium
colonizing the human gastric mucosa. High
humidity, microaerophilic environment; and
incubation temperature of 37°C are essential
factors for its growth (Winn et al, 2006). Some
virulence factors such as urease and flagella are
present in all strains and participate in
pathogenesis and colonization of gastric mucosa
(Anderson, 2007). There are two different
phenotypes based on the presence of vacuolating
toxin (VacA) and cytotoxin-associated gene
(CagA). The proteins of outer membrane
facilitate the adhesion and colonization (Wang et
al, 2012). An interaction between bacterial
factors and host signal transduction pathway
mediates cell transformation, cell proliferation,
invasion, apoptosis; and angiogenesis (Zhang et
al, 1998). The infection provokes an
inflammatory process via cytokines. The
neutrophil-activating protein (NapA) can shift
antigen-specific T-cell response from Th2 to Th1
phenotype, which is characterized by high levels
of cytokines, such as interferon-γ and tumor
necrosis factor α (TNFα) (Takahashi et al, 2004).

The aim of this article is to review the available
data about HP implication in non-malignant
haematological disorders in adults. Initially,
clinical studies and review articles published in
English over the last two decades were found
through PubMed and SCOPUS, using
combinations of the following keywords:
anaemia, Helicobacter pylori, iron deficiency,
thrombocytopenia;
and
thrombosis.
The
bibliography of retrieved literature is assessed for
additional reports of clinical trials.

HP can readily be detected at endoscopy by
histology, cultures; or urease test. Non-invasive
tests include the 13C-urea breath test (UBT) and
stool antigen with sensitivity and specificity 9095% (Logan & Walker, 2001). Proton pump
inhibitors (PPIs) should be stopped at least 2
weeks before UBT and stool antigen test to
prevent false negative results. Serology assays
have low cost but are not specific of active
infection (Logan & Walker, 2001).

The host immunity can be altered by HP
infection with the development of autoreactive
clonal antibodies, increased phagocytic activity;
and reduced expression of the inhibitory Fcγ
receptors IIΒ on monocytes (Yamanishi et al,
2006; Asahi et al, 2008). Anti-CagA antibodies
can cross-react with platelet glycoproteins,
causing platelet destruction (Takahashi et al,
2004). Lewis antigens, expressed by some HP
strains, can be absorbed by the platelets and serve
as targets for anti-Lewis antibodies (Gerhard et
al, 2002). Yeh et al. showed increase of P selectin
in infected patients, leading to platelet
aggregation and subsequent thrombocytopenia
(Yeh et al, 2010). Some HP strains bind von
Willebrand factor (vWF) and induce glycoprotein
(GP) Iβ-FcRIIα-dependent platelet aggregation in
the presence of anti-HP antibodies (Byrne et al,
2003). There are limited data regarding the
implication of major histocompatibility complex
class II. Infected ITP patients showed
significantly higher frequencies of HLA–
DRB1*11, *14 and –DQB1*03 and lower
frequency of –DRB1*03. Moreover, HLA–
DQB1*03 pattern is associated with a higher
probability for platelet response after eradication
(table 1) (Veneri et al, 2005).

The association between HP active chronic
gastritis and peptic ulceration is well established.
Nowadays, there is an increasing number of
studies
suggesting
HP
implication
in
haematological disorders, such as idiopathic
thrombocytopenic purpura (ITP), iron deficiency
anaemia (IDA); and arterial thrombosis.
Eradication treatment often seems to be an
essential element in the management of the above
disorders. The recommended regime consists of a
full dose PPIs, with either amoxicillin 1g and
clarithromycin 500mg; or metronidazole 400mg
and clarithromycin 250mg, all given twice daily
for 7-14 days. Eradication is effective in 80-85%
of cases on triple therapy using either antibiotic
combination (Malfertheiner et al, 2007).

HP and idiopathic thrombocytopenic purpura
ITP is characterized by low platelet count, caused
by autoantibodies against platelets. Persistent
thrombocytopenia for more than 6 months
defines the chronic form of the disease. The
Maastricht III consensus states that HP infection
should be sought for and treated in patients with
ITP (Malfertheiner et al, 2007). In 2010, the
international consensus included UBT or stool
antigen test in basic work-up for patients with
suspected ITP regardless the geographical region
(Provan et al, 2010).
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Table 1. Biological pathways
1. IMMUNE THROMBOCYTOPENIC PURPURA
1a. Immune response
Cross react anti-Cytotoxic-associated gene A antibodies against platelets’
glycoproteins (Takahashi et al, 2004; Yamanishi et al, 2006; Asahi et al, 2008; Arnold
& Stasi, 2008)
Anti-Lewis antibodies (Gerhard et al, 2002)
1b.Increased platelet aggregation
Increased P-selectin expression (Yeh et al, 2010)
Interactions with von Willebrand Factor and glycoprotein Ib/IX (Byrne et al, 2003)
1c.Genetic factors
HLA–DRB1*11, *14 and –DQB1*03 (Veneri et al, 2005; Fujimura et al, 2005)
2. IRON DEFICIENCY ANAEMIA
2a. Blood loss
Gastric mucosa lesions (chronic gastritis, ulceration) (Zhang et al, 1998; Kim et al,
2013)
2b.Impaired iron homeostasis
Reduced divalent metal ion transporter 1 expression (Zhang et al, 2010)
Increased lactoferrin levels ( Choe et al, 2003; Hershko, Lahad & Kereth, 2005;
Wang et al, 2012)
Hypochlorhydria (Zhang et al, 1998; Kim et al, 2013)
Increased hepcidin expression (Schwarz et al, 2012)
2c. Red cell deformation
Increased adhesion to type A red cells (Nakao et al, 2011)
3. ARTERIAL THROMBOSIS
3a. Inflammatory response
Interactions between bacterial lyposacharides and endothelial Toll-like receptors
(Liao, 1996)
Cross-react anti-Cytotoxic-associated gene A antibodies against endothelial cells
(Franceschi et al, 2002; Pietroiusti et al, 2002; Markus et al, 2002; Ikeda et al, 2013)
3b. Alterations on coagulation factors
Increased homocysteine levels (Markle, 1997; Sealy-Jefferson et al, 2013)
Increased prothrombin fragments 1+2 (Consolazio et al, 2004; Lee et al, 2004)
3c. Platelet aggregation
Increased P-selectin expression (Yeh et al, 2010)
Interactions with von Willebrand Factor and glycoprotein Ib/IX (Byrne et al, 2003)

A study of 207 HP-positive ITP patients showed
that 55% of those had persisting platelet response
12 months after eradication (Fujimura et al,
2005). In a randomized controlled trial with 25
HP-positive patients, the platelet response was
46% and 0% in eradication and non-eradication
group respectively (Suzuki et al, 2005). In a
systematic review, including 696 patients, the

complete response rate was 42.7% and overall
response 50.3% after eradication (Stasi et al,
2009). High response rates have been seen in
Japanese and Italian studies, where the HP
prevalence is above 50% (Arnold et al, 2009). In
contrast, studies from North America and
Australia have showed inferior outcomes with no
sustainable platelet response after eradication
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(Arnold et al, 2009; Jarque et al, 2001; Michel et
al, 2004). Thus, Jarque et al. showed a low
platelet response rate (13%) following
eradication treatment in 56 adults with chronic
ITP (Jarque et al, 2001). Similarly, Michel et al.
observed no platelet recovery, despite bacterium
eradication in 14 ITP cases (Michel et al, 2004).
In a small Malaysian series, 10 of 50 ITP patients
had eradication treatment with overall response
30% and all responders relapsed after 6 months
(Gan et al, 2013). The above discrepancies could
be attributed to variability of bacterial strains
depending on geographical factors (Takahashi et
al, 2004).
Eradication is not efficient for uninfected
thrombocytopenic patients. Asahi et al. showed
that 62% of HP-positive patients achieved
platelet response, whereas none of uninfected
cases after antibiotic treatment (Asahi et al,
2006). The response was accompanied by
significant decrease in anti-GPIIβ/ΙΙΙα antibodyproducing B cells in HP-positive responders (p
value< 0.0001), but not in HP-negative patients.
Similarly, in an evidence-based review, platelet
response was observed in 65 of 131 infected
patients (49.6%) and none of 44 uninfected
patients (Arnold & Stasi, 2008). A metanalysis of
11 studies (8 from Japan) showed that the odds of
obtaining a platelet response following bacterium
treatment were increased by 14.5 times [95% CI
4.2-83.0] in HP-positive compared to HPnegative thrombocytopenic patients (51.2%
versus 8.8%) (Arnold et al, 2009).
Favorable predictors of platelet response include
shorter ITP duration, platelet count more than
30×109/L, HLA-DQB1* 03 haplotype; and CagA
positivity. Patients from Japan, Italy, and
Colombia, where the bacterium prevalence in
general population is higher, are more likely to
respond. Age, sex; and previous therapies were
not useful markers to predict response (Veneri et
al, 2005; Fujimura et al, 2005; Stasi et al, 2009;
Veneri et al, 2011).
HP and anaemia
Based on the Maastricht III consensus report, HP
infection should be sought for and treated in
patients with unexplained IDA (Malfertheiner et
al, 2007). HP-related IDA is defined by absence
of
gastrointestinal
symptoms,
negative
endoscopy for bleeding mucosa lesions,
sufficient iron intake, resistance to iron

supplementation; and response to eradication
treatment (Wang et al, 2012).
The pathophysiology of impaired iron
metabolism is not fully understood in HP
infected subjects (table
1). Prominent
pathogenetic pathways include occult blood loss
secondary to chronic gastritis; and decreased iron
absorption due to either atrophy-associated
hypochlorhydria or reduced ascorbic acid (Zhang
et al, 2010; Kim et al, 2013). Divalent metal ion
transporter 1 (DMT1) mediates iron transport
into enterocytes where iron is stored as ferritin.
HP can affect DMT1 expression and cause
duodenal disease which may increase the slough
of enterocytes (Ford et al, 2004; Zhang et al,
2010). A recent study showed significantly
upregulated gastric hepcidin expression which
was normalized after HP eradication (Schwarz et
al, 2012). Lactoferrin increases in gastric mucosa
via neutrophils and captures iron from
transferring. Bacteria pick up the iron for their
growth through membrane receptors (Hershko,
Lahad & Kereth, 2005). Co-cultivated
erythrocytes with HP for 4 hours showed
significant iron loss contrary to high iron
concentration in bacteria (Wang et al, 2012).
Choe et al. reported a decrease in tissue
lactoferrin and increase in haemoglobin after
bacterium eradication (Choe et al, 2003). A series
of 1,406 non-cancer patients, who examined for
serum anti-HP IgG antibodies, showed that HP
infection was more frequent in patients with
blood group type A. The bacterium probably has
different binding capacities for the host
erythrocytes and it can readily bind to type A
cells, causing significant membrane deformation
(Nakao et al, 2011).
A metanalysis of 19 observational and six
intervention studies showed an increased risk for
IDA [odds ratio (OR) 2.8; 95% CI 1.9-4.2] and
iron deficiency (OR 1.38; 95% CI 1.16-1.65)
among infected patients (Muhsen & Cohen,
2008). Similarly, a metanalysis of 15,183 patients
from 20 studies showed a correlation between HP
and IDA (OR 2.22; 95% CI 1.52-3.24) (Qu et al,
2010). In a study of 84 HP eradicated patients,
IDA was more frequent in men (80%) and
postmenopausal women (71.4%) (Mónzon et al,
2013). In a series of 1,060 cases, serum iron was
lower in seropositive males, but there were no
significant differences in serum ferritin in either
males or females between seropositive and
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seronegative subjects (Collett et al, 1999). In
contrast, a study of 45 HP-positive and 16 HPnegative patients showed no significant
differences in haemoglobin, haematocrit, serum
iron; and ferritin between the two groups (Doğan
et al, 2012).
A metanalysis of 8 randomized controlled trials,
involving 800 patients, showed that eradication
treatment accelerated the improvement of ferritin
[mean difference (MD) 7.74mcg/L; 95% CI 4.6110.88; p value< 0.00001] after 1 and 2 months,
but did not improve the haemoglobin in the
overall analysis (MD 3.80g/L; 95% CI, –4.5012.2; p value= 0.37) (Zhang et al, 2010). The
subgroup analysis revealed an improvement of
ferritin levels in Asian studies (MD 9.63mcg/L;
95% CI 5.22-14.03; p value< 0.0001) in contrast
to American ones, a fact that can be attributed to
differences of HP strains among countries (Zhang
et al, 2010). Recently, the effect of eradication on
IDA was assessed in 84 previously irondependent and/ or iron-refractory patients.
Recovery was observed in 32 patients (38.1%;
95% CI 28.4-48.8) 6 months post eradication and
there was no relapse after a mean follow-up of
21±2 months (Mónzon et al, 2013).
The effect of HP infection on vitamin B12 and
folate level has not been elucidated so far. HP
gastritis could lead to destruction of parietal cells
and to subsequent impaired production of
intrinsic factor which is essential for vitamin B12
absorption. HP infection was detected in 77 of
138 patients (55.7%) with pernicious anaemia
and antibiotic treatment improved serum vitamin
B12 in 40% of those (Kaptan et al, 2000).
Inversely, Sarari et al. showed that 67.4% of HPinfected patients had vitamin B12 deficiency
(Sarari et al, 2008). Rasool et al. in a study of 132
patients showed that the HP presence did not
have any impact on vitamin B12 and folate levels
(Rasool et al, 2012).
HP and arterial thrombosis
The association between HP and arterial events is
a matter of debate. In a recent study of 1,621
subjects, anti-HP IgG antibodies predicted the
stroke incident in Mexican-Americans (OR 1.58;
95% CI 1.09-2.28) (Sealy-Jefferson et al, 2013).
In 4 other case-control studies, seropositivity was
associated
with
increased
risk
of
atherothrombotic and/or microangiopathic stroke
(Markus & Medall, 1998; Heuschmann et al,

2001; Grau et al, 2001; Ponzetto et al, 2002). In
contrast, a prospective case-control study showed
no significant association between HP-IgG
positivity and risk of myocardial infarction and
stroke (Ikeda et al, 2013). Bacterial DNA has
been found in atherosclerotic plaques, but
without any successful isolation of viable
microorganisms (Ameriso et al, 2001; Latsios et
al, 2004).
There are some biologically plausible pathways
by which HP can affect the incidence of vascular
events (table 1). Lipopolysacharides on the outer
membrane of HP can bind to Toll-like receptors
of
endothelial
cells,
monocytes;
and
macrophages, which results to endothelium
damage and the initiation of atherosclerosis
(Liao, 1996). Inflammation process alters the
coagulation through the release of proinflammatory cytokines in gastric mucosa. AntiCagA antibodies cross-react with vascular wall
antigens and seroprevalence against CagA stains
has been found increased in large-vessel stroke
(Franceschi et al, 2002; Pietroiusti et al, 2002). A
case-control study, involving 80 stroke patients
and 320 blood donors, showed that CagA
positivity tended to be associated with
myocardial infarction in middle-aged Japanese
(OR 1.72; 95% CI 0.91-3.26; p value= 0.10)
(Ikeda et al, 2013). However, in a series of 183
normal individuals, there was no significant
association between HP seropositivity, CagA
strain and increased intima-media thickness of
common carotid artery after controlling other
cardiovascular risk factors (Markus et al, 2002).
Impaired folate and vitamin B12 absorption
could result in decreased activity of methionine
synthase and increased serum homocysteine.
Homocysteine is toxic to endothelium and a risk
factor for atherosclerosis (Markle, 1997).
However, a recent study of 132 patients with
functional dyspepsia showed that HP infection
had no impact on vitamin B12, folate; and
homocysteine levels (Rasool et al, 2012).
Platelet aggregation can trigger the development
of thrombotic thrombocytopenic purpura in
infected patients (Byrne et al, 2003; Yeh et al,
2010). Byrne et al. showed that HP strain 60190
induces platelet aggregation through interactions
between HP, anti-HP antibodies and platelet
receptor FcγRIIA as well as vWF and its receptor
GPIb/IX. The platelet aggregation through the
direct binding between vWF and HP was
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inhibited by anti-vWF antibodies, aspirin; and
GPIIβ/ΙΙΙα antagonists (Byrne et al, 2003).
The eradication reduces systemic cytokines,
attenuates the lumen reduction of coronary artery
in patients undergoing angioplasty; and
eliminates the number of coronary events
(Kowalski, 2001; Elizalde et al, 2004). A
statistically significant decrease in C-reactive
protein (CRP) and improvement in overall
survival has also been reported after combined
treatment for HP (Stone et al, 2002). In HPpositive patients with gastritis, prothrombin
fragments 1+2 and TNFα showed significant
decrease at 2 months (p value= 0.03 and p value=
0.02, respectively) and reached the levels of
uninfected patients and controls six months after
eradication (Consolazio et al, 2004). In a study of
94 patients who underwent angioplasty, both
acute inflammatory markers and coagulation
parameters such as, white cells, CRP, fibrinogen,
homocysteine, prothrombin time, activated
partial thromboplastin time, plasminogen
activator inhibitor-1; and tissue plasminogen
activator, were not significantly different
between infected and uninfected subjects,
indicating that HP cannot be an independent risk
factor for coronary heart disease (Lee et al,
2004).
Discussion
H. pylori infection is one of the most common
infections worldwide, infecting approximately
50% of world’s population. Infection persists
lifelong without any treatment. Nowadays, the
detection of bacterium does not rely on
endoscopic investigation of gastrointestinal tract
since reliable non-invansive methods such as
UBT and stool antigen testing are available. Over
the last years, the number of studies evaluating
the
spectrum
of
non-gastrointestinal
manifestations of HP infection has increased.
However, many of those refer either to small
series of patients or to individual cases leading to
conflicting and debated results due to absence of
significant statistical power.
Significant advances have been made in
understanding the role of HP in the
pathophysiology of ITP. Several haematology
associations, including American Society of
Hematology, suggest HP detection as a part of
the basic work-up in patient with suspected ITP.
According to the Maastricht III consensus

conference, HP eradication has been suggested
for infected ITP patients. Approximately half of
adults obtain platelet count recovery after
eradication. However, the available data show a
geographical discrepancy of platelet response to
eradication treatment with less sustained response
rates in America and Australia. Possibly, HP
strain and genetic factors may influence the
therapeutic outcome. Large randomized studies
are needed to elucidate the HP implication in ITP
and to determine the subpopulation where HP
screening and eradication treatment is beneficial.
Conflicting data have been reported as regards
the relationship between HP and IDA. According
to the Maastricht III consensus unexplained IDA
is the second extraintestinal entity for which HP
testing is needed. In some studies eradication
treatment seems to improve the absorption of oral
ferrous and improve the parameters of iron
metabolism. The lack of reproductivity of those
results highlights the need of well structured
studies evaluating the role of HP in pathogenesis
of IDA in absence of other causative factors.
Despite the micronutrient deficiencies observed
in infected subjects, the aetiological role of HP in
vitamin B12 and folate deficiency is not clear so
far.
HP has been found in a number of atherosclerotic
lesions and has been associated with
inflammatory cell response. Despite the well
known implication of inflammation in the
development of thrombotic events, the studies
have failed to provide convincing evidences of a
causative relation between HP infection and
vascular disease. Further research may help to
establish the pro-inflammatory role of H. pylori
in atherosclerosis, altering possibly the
assessment of thrombotic risk and the
thromboprophylactic modality.
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