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ABSTRACT

Background: Helicobacter pylori infects half of world’s poptilan causing local tissue damage in gastric
mucosa. The implication in a variety of extrainitesst disorders is less clear and the availableistudften lead

to conflicting results.

Aim: This article will review the implication of Helitacter pylori in the development of non-malignant
haematological disorders in adults. Epidemiologitata, possible pathogenetic mechanisms and tleeorfol
eradication therapy are analyzed.

Methodology: Relevant articles published in English during thst two decades were found through PubMed
and SCOPUS.

Results. Significant advances have been made in understarttim pathophysiology of Helicobacter pylori-
induced haematological disorders. The investigatibpersistently thrombocytopenic and anaemic p&ién
absence of other causative factors should inclugledbacter pylori assays. Half of infected thromjtopenic
patients respond to eradication, whereas the owsare less clear in anaemic disorders. Bactdrahs and
genetic factors seem to influence the outcome ofehbam eradication. The implication of Helicobaqgbglori in
atherosclerosis remains controversial and it isbatied either to inflammation process or to diraléération in
haemostatic factors.

Conclusion: Large randomized studies are needed to determi@estibpopulation at risk of developing
Helicobacter pylori-related haematological disosddn this case prompt screening and eradicatieatrtrent
could be of major importance.

Keywords. anaemia, Helicobacter pylori, iron deficiencyaimbocytopenia, thrombosis

Introduction route of transmission (Ndip, 2003). The infection
is usually acquired at the age of 10 and persists
: . : .. lifelong without antibiotic treatment (Sherman,
)

infecting - approximately  50% - of  world's 2004). Anti-HP IgG antibodies increase with age.

population (Ali & Whitehead, 2008). The .
. o They have been found in 40% of those aged 1-14
- 0,
prevalence in developed countries is 25-40% an(gars and in up to 60% of 18-24 year-old

is almost 100% in developing ones (Windsor . ) 0
al, 2005). Bacteria have been isolated from fece exicans; and 100% of 60-69 year-old Turkeys
ikuchi & Dore, 2005).

saliva; and dental plaques, suggesting a fecal-o

Helicobacter pylori (HP) is a common pathoge
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HP is a gram-negative spiral shaped bacteriuthe aim of this article is to review the available
colonizing the human gastric mucosa. Highlata about HP implication in non-malignant
humidity, microaerophilic environment; andhaematological disorders in adults. Initially,
incubation temperature of 37°C are essentialinical studies and review articles published in
factors for its growth (Winn et al, 2006). Someenglish over the last two decades were found
virulence factors such as urease and flagella ateough PubMed and SCOPUS, using
present in all strains and participate ircombinations of the following keywords:
pathogenesis and colonization of gastric mucoseaemia, Helicobacter pylori, iron deficiency,
(Anderson, 2007). There are two differenthrombocytopenia; and thrombosis. The
phenotypes based on the presence of vacuolatinipliography of retrieved literature is assessed fo
toxin (VacA) and cytotoxin-associated genedditional reports of clinical trials.

(CagA). The proteins of outer membranef_|
facilitate the adhesion and colonization (Wang et
al, 2012). An interaction between bacterialTP is characterized by low platelet count, caused
factors and host signal transduction pathwdyy autoantibodies against platelets. Persistent
mediates cell transformation, cell proliferationfhrombocytopenia for more than 6 months
invasion, apoptosis; and angiogenesis (Zhang @gfines the chronic form of the disease. The
al, 1998). The infection provokes anMaastricht Ill consensus states that HP infection
inflammatory process via cytokines. Theshould be sought for and treated in patients with
neutrophil-activating protein (NapA) can shiftiTP (Malfertheiner et al, 2007). In 2010, the
antigen-specific T-cell response from Th2 to Thinternational consensus included UBT or stool
phenotype, which is characterized by high levelntigen test in basic work-up for patients with
of cytokines, such as interfergnand tumor suspected ITP regardless the geographical region
necrosis factoo. (TNFo) (Takahashi et al, 2004). (Provan et al, 2010).

HP can readily be detected at endoscopy Byhe host immunity can be altered by HP
histology, cultures; or urease test. Non-invasiviafection with the development of autoreactive
tests include the 13C-urea breath test (UBT) amdonal antibodies, increased phagocytic activity;
stool antigen with sensitivity and specificity 90-and reduced expression of the inhibitoryy Fc
95% (Logan & Walker, 2001). Proton pumpreceptors B on monocytes (Yamanishi et al,
inhibitors (PPIs) should be stopped at least 2006; Asahi et al, 2008). Anti-CagA antibodies
weeks before UBT and stool antigen test toan cross-react with platelet glycoproteins,
prevent false negative results. Serology assagsausing platelet destruction (Takahashi et al,
have low cost but are not specific of activ2004). Lewis antigens, expressed by some HP
infection (Logan & Walker, 2001). strains, can be absorbed by the platelets and serve
as targets for anti-Lewis antibodies (Gerhard et

The association between HP active chrom?gvl’ 2002). Yeh et al. showed increase of P selectin

P and idiopathic thrombocytopenic purpura

gastritis and peptic ulceration is well establishe infected  patients, leading to platelet

Nowadays, there is an increasing number %ggregation and subsequent thrombocytopenia

studies suggesting HP 'mp"ca“.o'f‘ MNiyeh et al, 2010). Some HP strains bind von
haematological disorders, such as idiopath

. . s illebrand factor (vWF) and induce glycoprotein
thrombocytopenic purpura (ITP), iron deficiency, i . o
anaemia  (IDA); and arterial thrombosis.(GP) B-FcRlla-dependent platelet aggregation in

Eradication treatment often seems to be the presence of anti-HP antibodies (Byrne et al,

essential element in the management of the abowos)' There are limited data regarding the

disorders. The recommended regime consists of plication of major histocompatibility complex
full dose.PPIs with either amgxicillin 1g andd%ISS Il. ~Infected  ITP patients —showed
clarithromycin 500mg; or metronidazole 400m significantly higher —frequencies  of = HLA-

. s . : . DRB1*11, *14 and -DQB1*03 and lower
and clarithromycin 250mg, all given twice da”ﬁrequency of —DRB1*03. Moreover HLA—

for 7-14 days. Eradication is effective in 80-85 bQBl*OS pattern is associated with a higher

of cases on triple therapy using either antibioti . C 2
combination (Malfertheiner et al, 2007). Efbtfgtﬂ't({,?,: eFr)ila;f :jt gg%%c))nse after eradication
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Table 1. Biological pathways

1. IMMUNE THROMBOCYTOPENIC PURPURA

la. Immune response

Cross react anti-Cytotoxic-associated gene A adids against platelets
glycoproteins (Takahashi et al, 2004; Yamanislale2006; Asahi et al, 2008; Arno
& Stasi, 2008)

d

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 glyoatein Ib/IX (Byrne et al, 2003)

1c.Genetic factors

HLA-DRB1*11, *14 and —-DQB1*03 (Veneri et al, 2005yjimura et al, 2005)

2. IRON DEFICIENCY ANAEMIA

2a. Blood loss

Gastric mucosa lesions (chronic gastritis, ulcergti (Zhang et al, 1998; Kim et &
2013)

1

2b.Impaired iron homeostasis

Reduced divalent metal ion transporter 1 expreggibang et al, 2010)

Increased lactoferrin levels ( Choe et al, 2008ysHko, Lahad & Kereth, 200
Wang et al, 2012)

Hypochlorhydria (Zhang et al, 1998; Kim et al, 2D1

Increased hepcidin expression (Schwarz et al, 2012)

2c. Red cdll deformation

Increased adhesion to type A red cells (Nakad @041)

3. ARTERIAL THROMBOSIS

3a. Inflammatory response

Interactions between bacterial lyposacharides amdotbelial Toll-like receptor
(Liao, 1996)

UJ

Cross-react anti-Cytotoxic-associated gene A adiédso agaiat endothelial cells
(Franceschi et al, 2002; Pietroiusti et al, 2002ykis et al, 2002; lkeda et al, 2013

3b. Alterations on coagulation factors

Increased homocysteine levels (Markle, 1997; Séefierson et al, 2013)

Increased prothrombin fragments 1+2 (Consolaza,€t004; Lee et al, 2004)

3c. Platelet aggregation

Increased P-selectin expression (Yeh et al, 2010)

Interactions with von Willebrand Factor and glyaatein 1b/1X (Byrne et al, 2003)

A study of 207 HP-positive ITP patients showedomplete response rate was 42.7%

systematic review, including 696 patients, thsustainable platelet response after

www.inter nationaljour nalofcaringsciences.org

and overall
that 55% of those had persisting platelet responsssponse 50.3% after eradication (Stasi et al,
12 months after eradication (Fujimura et al2009). High response rates have been seen in
2005). In a randomized controlled trial with 25]Japanese and Italian studies, where the HP
HP-positive patients, the platelet response wasevalence is above 50% (Arnold et al, 2009). In
46% and 0% in eradication and non-eradicatiocontrast, studies from North America and
group respectively (Suzuki et al, 2005). In &wustralia have showed inferior outcomes with no
eradication
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(Arnold et al, 2009; Jarque et al, 2001; Michel etupplementation; and response to eradication
al, 2004). Thus, Jarque et al. showed a loweatment (Wang et al, 2012).

platelet response rate (13%) following.l.he
eradication treatment in 56 adults with Chrom?‘netabolism is not fully understood in HP

ITP (Jarque et al, 2001). Similarly, Michel et allnfected subjects (table 1). Prominent

glr)asdei::\/;[i%r? ?npﬁﬁﬁ, Tgsgser({\}ligﬁ:{)g? :Ia;tggz thogenetic pathways include occult blood loss
: secondary to chronic gastritis; and decreased iron

In a smaII_ Ma_tlaysian series, 1.0 of 50 ITP Ioa‘ﬁengbsorption due to either atrophy-associated
had eradication treatment with overall responj%

pathophysiology of impaired iron

30% and all responders relapsed after 6 mont pochlorhydria or reduced ascorbic acid (Zhang

(Gan et al, 2013). The above discrepancies coyl al, 2010; Kim et al, 2013). Divalent metal ion

) o . : nsporter 1 (DMT1) mediates iron transport
be attributed to variability of bacterial stramsmto enterocytes where iron is stored as ferritin.

gf%%%cﬂ)ng on geographical factors (Takahashi I@ﬁD can affect DMT1 expression and cause
’ ' duodenal disease which may increase the slough
Eradication is not efficient for uninfectedof enterocytes (Ford et al, 2004; Zhang et al,
thrombocytopenic patients. Asahi et al. showed010). A recent study showed significantly
that 62% of HP-positive patients achievedipregulated gastric hepcidin expression which
platelet response, whereas none of uninfect&ehs normalized after HP eradication (Schwarz et
cases after antibiotic treatment (Asahi et all, 2012). Lactoferrin increases in gastric mucosa
2006). The response was accompanied lya neutrophils and captures iron from
significant decrease in anti-GBMllla antibody- transferring. Bacteria pick up the iron for their
producing B cells in HP-positive responders (growth through membrane receptors (Hershko,
value< 0.0001), but not in HP-negative patientd.ahad & Kereth, 2005). Co-cultivated
Similarly, in an evidence-based review, plateletrythrocytes with HP for 4 hours showed
response was observed in 65 of 131 infectesignificant iron loss contrary to high iron
patients (49.6%) and none of 44 uninfectedoncentration in bacteria (Wang et al, 2012).
patients (Arnold & Stasi, 2008). A metanalysis oChoe et al. reported a decrease in tissue
11 studies (8 from Japan) showed that the oddslattoferrin and increase in haemoglobin after
obtaining a platelet response following bacteriurbacterium eradication (Choe et al, 2003). A series
treatment were increased by 14.5 times [95% @©ff 1,406 non-cancer patients, who examined for
4.2-83.0] in HP-positive compared to HPserum anti-HP IgG antibodies, showed that HP
negative thrombocytopenic patients (51.2%nfection was more frequent in patients with
versus 8.8%) (Arnold et al, 2009). blood group type A. The bacterium probably has
djeifferent binding capacities for the host
ﬁrythrocytes and it can readily bind to type A

30x10/L, HLA-DQB1* 03 haplotype: and CagA cells, causing significant membrane deformation
positivity. Patients from Japan, Italy, ano(Nakao etal, 2011).
Colombia, where the bacterium prevalence iA metanalysis of 19 observational and six
general population is higher, are more likely tintervention studies showed an increased risk for
respond. Age, sex; and previous therapies wellBA [odds ratio (OR) 2.8; 95% CI 1.9-4.2] and
not useful markers to predict response (Veneri gbn deficiency (OR 1.38; 95% CIl 1.16-1.65)
al, 2005; Fujimura et al, 2005; Stasi et al, 200mong infected patients (Muhsen & Cohen,
Veneri et al, 2011). 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,
Based on the Maastricht Il consensus report, HF010). In a study of 84 HP eradicated patients,
infection should be sought for and treated iIfDA was more frequent in men (80%) and
patients with unexplained IDA (Malfertheiner etpostmenopausal women (71.4%) (Mdénzon et al,
al, 2007). HP-related IDA is defined by absencg013). In a series of 1,060 cases, serum iron was
of  gastrointestinal symptoms, negativdower in seropositive males, but there were no
endoscopy for bleeding mucosa lesionsignificant differences in serum ferritin in either
sufficient iron intake, resistance to ironmales or females between seropositive and

Favorable predictors of platelet response inclu
shorter ITP duration, platelet count more tha

HP and anaemia
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seronegative subjects (Collett et al, 1999). I18001; Grau et al, 2001; Ponzetto et al, 2002). In
contrast, a study of 45 HP-positive and 16 HRzontrast, a prospective case-control study showed
negative patients showed no significanho significant association between HP-IgG
differences in haemoglobin, haematocrit, serupositivity and risk of myocardial infarction and
iron; and ferritin between the two groups @ao stroke (lkeda et al, 2013). Bacterial DNA has
et al, 2012). been found in atherosclerotic plaques, but
without any successful isolation of viable

A metanalysis of 8 randomized controlled trials, . . . i .
involving 800 patients, showed that eradicatiom'czrgggamsms (Ameriso et al, 2001; Latsios et

treatment accelerated the improvement of ferritifi
[mean difference (MD) 7.74mcg/L; 95% CI 4.61-There are some biologically plausible pathways
10.88; p value< 0.00001] after 1 and 2 month&y which HP can affect the incidence of vascular
but did not improve the haemoglobin in thesvents (table 1). Lipopolysacharides on the outer
overall analysis (MD 3.80g/L; 95% CI, —4.50-membrane of HP can bind to Toll-like receptors
12.2; p value= 0.37) (Zhang et al, 2010). Thef  endothelial cells, monocytes; and
subgroup analysis revealed an improvement afiacrophages, which results to endothelium
ferritin levels in Asian studies (MD 9.63mcg/L;damage and the initiation of atherosclerosis
95% CI 5.22-14.03; p value< 0.0001) in contraglLiao, 1996). Inflammation process alters the
to American ones, a fact that can be attributed twagulation through the release of pro-
differences of HP strains among countries (Zharigflammatory cytokines in gastric mucosa. Anti-
et al, 2010). Recently, the effect of eradication o0CagA antibodies cross-react with vascular wall
IDA was assessed in 84 previously ironantigens and seroprevalence against CagA stains
dependent and/ or iron-refractory patientshas been found increased in large-vessel stroke
Recovery was observed in 32 patients (38.1%franceschi et al, 2002; Pietroiusti et al, 2082).
95% CI 28.4-48.8) 6 months post eradication anthse-control study, involving 80 stroke patients
there was no relapse after a mean follow-up @nd 320 blood donors, showed that CagA
21+2 months (Monzon et al, 2013). positivity tended to be associated with

. . o myocardial infarction in middle-aged Japanese
The effect of HP infection on vitamin B12 and R 1.72: 95% Cl 0.91-3.26; p value= 0.10)

folate level has not been elucidated so far. HE‘Q ! .
gastritis could lead to destruction of parietalsel lkeda et al_, .2013)' However, in a SEeries .O.f 183
qormal individuals, there was no significant

and to subsequent impaired production o L
intrinsic factor which is essential for vitamin Blzassouanon between HP seropositivity, CagA

absorption. HP infection was detected in 77 O§train and incr_eased intima-media th_ickness of
138 patients (55.7%) with pernicious anaemigommon carot|q artery after controlling other
and antibiotic treatment improved serum vitamirsfard'OV&SCUI&lr risk factors (Markus et al, 2002).
B12 in 40% of those (Kaptan et al, 2000)Impaired folate and vitamin B12 absorption
Inversely, Sarari et al. showed that 67.4% of HR:ould result in decreased activity of methionine
infected patients had vitamin B12 deficiencysynthase and increased serum homocysteine.
(Sarari et al, 2008). Rasool et al. in a study3#f 1 Homocysteine is toxic to endothelium and a risk
patients showed that the HP presence did nfaictor for atherosclerosis (Markle, 1997).
have any impact on vitamin B12 and folate levelslowever, a recent study of 132 patients with
(Rasool et al, 2012). functional dyspepsia showed that HP infection
had no impact on vitamin B12, folate; and
homocysteine levels (Rasool et al, 2012).

The association between HP and arterial evemsf?atelet agareqation can trigaer the develooment
a matter of debate. In a recent study of 1,6 9greg 99 P

subjects, anti-HP IgG antibodies predicted thglr thrombotic thrombocytopenic _ purpura in

> . : : Ihfected patients (Byrne et al, 2003; Yeh et al,
stroke incident in Mexican-Americans (OR 1.58 ;
95% CI 1.09-2.28) (Sealy-Jefferson et(al 2013 010). Byrne et al. showed that HP strain 60190

In 4 other case-control studies, seropositivity w. Q(S[\L;V(;eesnplgﬁletaﬁggéiga:r?t?bghdr% L;gharlwr:jtera;g‘f[leolr;?
associated with increased risk 0 ' P

: . : : eceptor FgRIIA as well as VWF and its receptor
atherothrombotic and/or microangiopathic strok .
(Markus & Medall, 1998; Heus?:hrpr)]ann et al PIb/IX. The platelet aggregation through the

direct binding between vWF and HP was

HP and arterial thrombosis
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inhibited by anti-vWF antibodies, aspirin; andconference, HP eradication has been suggested
GPIIB/Ta antagonists (Byrne et al, 2003). for infected ITP patients. Approximately half of
gdults obtain platelet count recovery after
?'radication. However, the available data show a
eographical discrepancy of platelet response to
gradication treatment with less sustained response
rates in America and Australia. Possibly, HP

statistically significant decrease in C-reactiv ;;ar'g eatjr':i?: gﬁ?(g[:ﬁefaf;?ri ?;i)éomyeedncsiué?(:?s
protein (CRP) and improvement in overal P ' 9

incye needed to elucidate the HP implication in ITP
treatment for HP (Stone et al, 2002). In HP’Elnd o determine _the_subpopulano_n wherg .HP
positive patients with gastritis, prothrombinscreenlng and eradication treatment is beneficial.
fragments 1+2 and TNF showed significant Conflicting data have been reported as regards
decrease at 2 months (p value= 0.03 and p valuive relationship between HP and IDA. According
0.02, respectively) and reached the levels b the Maastricht Il consensus unexplained IDA
uninfected patients and controls six months aftés the second extraintestinal entity for which HP
eradication (Consolazio et al, 2004). In a study d¢ésting is needed. In some studies eradication
94 patients who underwent angioplasty, bottreatment seems to improve the absorption of oral
acute inflammatory markers and coagulatioferrous and improve the parameters of iron
parameters such as, white cells, CRP, fibrinogemetabolism. The lack of reproductivity of those
homocysteine, prothrombin time, activatedesults highlights the need of well structured
partial  thromboplastin  time, plasminogerstudies evaluating the role of HP in pathogenesis
activator inhibitor-1; and tissue plasminogermf IDA in absence of other causative factors.
activator, were not significantly different Despite the micronutrient deficiencies observed
between infected and uninfected subject# infected subjects, the aetiological role of HP i
indicating that HP cannot be an independent risktamin B12 and folate deficiency is not clear so
factor for coronary heart disease (Lee et dar.

2004). HP has been found in a number of atherosclerotic

Discussion lesions and has been associated with

H. pylori infection is one of the most common'l?ﬂammatory. cgll response. Desp|te Fhe well
nown implication of inflammation in the

infections worldwide, infecting approximately . .
50% of world’s population. Infection perSiS,[Sdevelopment of thrombotic events, the studies

lifelong without any treatment. Nowadays, th@ave f?‘"ed to p.rowde convincing ev |denpes of a
causative relation between HP infection and

detection of bacterium does not rely on .
endoscopic investigation of gastrointestinal traé’taSCUI.ar dlsease._ Further research may help_to
since reliable non-invansive methods such aesStabI'Sh the pro-l_nflammatqry role of .H' pylori
UBT and stool antigen testing are available. ove? atherosclerosis, alterl_ng 'possubly the
the last years, the number of studies evaluatiﬁSessment of _thrombo_ne risk and the
the spectrum of non-gastrointestinaF romboprophylactic modality.
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