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Abstract
Helicobacter pylori are Gram negative spiral bacteria that colonize human gastric epithelia. Their association 
with many gastric diseases, including roles in the pathogenesis of chronic gastritis, peptic ulcers, dyspepsia, 
MALT and gastric cancer is well known. In addition increasing amounts of evidence indicate that they are 
associated various extragastric entities such as colon cancer, neurodegenerative diseases, liver diseases, 
coronary artery disease, hematologic diseases and others. Of these, three hematologic diseases have clear 
associations with strong evidence: iron defi ciency anemia when there is no other explanation, Vitamin B12 
(cobalamin) defi ciency and immune thrombocytopenic purpura. Many pathogenic mechanisms have been 
proposed for these three disorders, and there are many studies that support these associations. In this article 
we review the role of Helicobacter pylori and its pathogenetic mechanisms in the development of these three 
hematologic diseases.
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INTRODUCTION

Helicobacter pylori  (H. pylori)  has accompanied humans 
for at least 58,000 years, (1) but its role as a pathogen was 
only established in 1984 when by Warren and Marshall in 
Australia successfully cultured the bacteria and associated 
it with chronic gastritis and Peptic ulcers. (2) Nowadays, 
it is considered that it infects 50% of the world’s popula-
tion. (3, 4) Nevertheless, its prevalence varies signifi cantly 
among diff erent populations. It is as high as 91% in certain 
African populations and as low as 7% in some studies in 
the United States. (5, 6) Also, there is evidence of marked 
diff erences according to ethnic group, age range and eco-
nomic status within any given geographic area: its preva-
lence is higher among Hispanics, African-Americans, older 
people and low-income populations. (7-9) Ten years aft er 
its discovery, the WHO categorized it as a type I carci-

nogen. (10) Today is considered to be the primary cause 
of demonstrated chronic gastritis, peptic ulcers, gastric 
MALT lymphoma and gastric cancer (GC). (11, 12) In all 
cases of infection, it produces chronic gastritis, (13) but 
in most patients this gastric infl ammation is asymptoma-
tic. A clinical entity is manifested in less than 20% of the 
infected population: peptic ulcers in 15% to 18%, CG in 
2% to 3%, gastric cancer and gastric MALT lymphoma in 
less than 0.1%. (11-13)  Nevertheless, these numbers are 
not exact because only a fi ft h of those infected develop a 
disease caused by the infection. Th is is likely to be due to 
genetic factors, virulence of the bacteria and environmental 
factors. Th e risk for developing GC that is att ributable to 
H. pylori is 75%, in other words, the infection is responsible 
for at least 75% of these tumors. Besides these gastroduo-
denal diseases, there are strong indications that H. pylori are 
positively associated with adenomatous polyps and colon 
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cancer and even stronger indications that the bacteria have 
an association with distal cancers (Figure 1).  (14-20) In 
addition to this infection’s participation in the conditions 
mentioned, there is increasing evidence of a link between 
H. pylori and various extra-gastric diseases such as blood, 
coronary, hepatic, and neurodegenerative diseases and 
even the development of type 2 diabetes mellitus. (21-
27)  However, current evidence only supports causal 
associations with iron defi ciency anemia, vitamin B12 
defi ciency and immune thrombocytopenic purpura. (28) 
For this reason it is recommended that the infection be eli-
minated in these scenarios in accordance with the recently 
ratifi ed Maastricht consensus. (29, 30, 31)  Given the 
importance of this organism in the conditions mentioned 
above, we propose to review their relationships and the 
pathophysiological mechanisms involved.

METHODOLOGY

We performed a literature search in the PubMed data-
base using the following strategy (((((Vitamin B 12 
OR B 12, Vitamin B12 OR OR Vitamin B12, Vitamin 
Cyanovitamin B12 OR OR OR Vitamin B12 OR 
erythron vitamin B12s [Title/Abstract])) OR (Anemia, 
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Figure 1.  Diseases produced by  H.  pylori.   Illustration produced from individual images created with  Servier Medical Art  in accordance with its 
conditions of use.
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tion of  H.  pylori  in Japan and the United States could be 
explained by this mechanism, since Japan has been more 
successful with this treatment and has a greater prevalence 
of H pylori CagA + whereas eradication of H.  pylori  has 
been less successful as a treatment of ITP in the USA where 
the prevalence of H pylori CagA +  is less than in Asia. (30, 
40) In addition, it has been found that this bacterial infec-
tion decreases Fcy receptor IIB inhibitor levels on mono-
cytes while increasing Fcy receptor levels leading to a phe-
notype with increased monocyte phagocytic activity. One 
study has shown that elements of H.  pylori,  particularly 
urease, promote the activation of B-1 cells. Th ese cells are a 
subpopulation of B cells associated with the production of 
auto-antibodies which could injure the platelets during an 
infection with H. pylori (Figure 2). (41, 42)

H. PYLORI TREATMENT IN PATIENTS WITH IMMUNE 
THROMBOCYTOPENIC PURPURA

Eradication of  H.  pylori  in patients with ITP increases 
platelet counts in approximately 50% of patients. (30, 
37, 38) Th e meta-analysis of Stasi and colleagues showed 
that the response is more successful in populations with 
high prevalences of  H.  pylori  and among patients with 

abstracts were reviewed and, according to the opinions of 
the authors, those that were relevant and provide useful 
information for this review were selected.  We excluded 
those with information that repeated information found 
in other articles reviewed. In addition, the authors some of 
the articles mentioned in the bibliographies of the publica-
tions selected in the initial search.

IMMUNE THROMBOCYTOPENIC PURPURA

Th e prevalence of H. pylori in patients with immune throm-
bocytopenic purpura (ITP) is similar to the prevalence in 
controls matched for age and geographic area. (32) It ran-
ges from levels as low as 20% to levels as high as 80% at 
diff erent ages and in diff erent areas. (33-36) However, mul-
tiple studies have shown a clear association between eradi-
cation of H. pylori in patients with ITP and improvements 
in their platelet counts. (30, 37, 38)

One possible mechanism for the development of ITP in 
patients infected with H. pylori is cross-reactivity between 
antibodies directed against these bacteria, specifi cally 
against the CagA protein and proteins on the surface of 
platelets. (39)  In fact, the diff erences between success 
rates for treatments of patients with ITP by the eradica-
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Figure 2.  Primary mechanisms involved in the association between  H.  pylori  and ITP.  A)  H.  pylori  (HP) favor a monocytic phenotype 
(Mo) with enhanced phagocytic activity.  B)  Antibodies directed against the CagA  protein produced by  H.  pylori  cross-react with proteins 
on the surface of platelets (PLT).  C)  Urease promotes B-1 cell activation (BL-1) associated with the production of auto-antibodies. 
Illustration produced from individual images created with Servier Medical Art in accordance with its conditions of use.



Rev Col Gastroenterol / 28 (4) 2013326 Review articles

for systemic availability. (64) Th is binding leads to interna-
lization and degradation of intracellular Ferroportin resul-
ting in iron retention in both enterocytes and macropha-
ges. (64)  One possible mechanism through which 
H. pylori infections may impact this process is through the 
infl ammatory response which is primarily mediated by IL6. 
(65) Th is increases circulating levels of host hepcidin and 
leads to anemia through decreased absorption of iron and 
by blocking the release of the iron by the infl ammatory 
cells as in chronic infl ammatory diseases.  In a study by 
Lee and colleagues levels of prohepcidin, the precursor of 
hepcidin, (66) decreased aft er treatment of patients with 
iron defi ciency anemia and H. pylori regardless of whether 
they received oral iron therapy, H.  pylori  eradication or 
both. Also Beutler has suggested that the systemic infl am-
matory response to  H.  pylori  was not intense enough to 
generate a suffi  ciently large increase in hepcidin produc-
tion to cause anemia. Instead, Beutler suggested that while 
there was no increase of hepcidin, (67) some molecules 
generated by  H.  pylori  may mimic hepcidin.   However, 
more recent evidence actually supports a positive asso-
ciation between H. pylori infection and increased serum 
levels of hepcidin. (68, 69) In either case, a mechanism in 
which H. pylori leads to decreased systemic iron availability 
through downregulation of Ferroportin appears feasible. It 
is necessary to note that iron defi ciency anemia can only 
be att ributed to H. pylori when other common causes have 
been ruled out. (49) Th erefore, H. pylori are not considered 
to be a major or frequent cause of iron defi ciency anemia. 
(Figure 3).

H. PYLORI TREATMENT IN PATIENTS WITH IRON 
DEFICIENCY ANEMIA

Five randomized clinical trials (RCTs) were selected in 
the meta-analysis by Qu and colleagues. (28) Th eir com-
parison of changes in hemoglobin and serum ferritin in 
patients with iron defi ciency anemia who received iron and 
H. pylori eradication treatment with patients with iron defi -
ciency anemia  who received only iron found a weighted 
mean diff erence (WMD) for hemoglobin of 4.06 g / L and 
a weighted mean diff erence for serum ferritin of 9.47 mg / 
L. Th is is not a very important increase.  Subgroup analy-
sis showed a bett er response in serum ferritin levels and 
hemoglobin among adolescents and adults than among 
children: the WMD for Hb was 0.65 g / L in children and 
25.03 g / L in adolescents and adults while the WMD for 
serum ferritin was 0.70 mg / L in children and 14.79 mg 
/ L in adolescents and adults.  Each of the 5 RCTs used 
triple therapy for eradication of  H.  pylori.  Bismuth triple 
therapy showed bett er results than PPI triple therapy, with 
the WMD for serum ferritin of 11.55 mg / L in the fi rst 

mild levels of thrombocytopenia.  In this meta-analysis, 
57.9% of patients in studies conducted in Japan had plate-
let count response compared to only 38.3% of patients in 
other countries. (37) Furthermore, 35.2% of patients with 
counts under 30 × 10  9  / L had platelet count responses 
whereas improvement occurred in 50.3% of patients with 
higher platelet counts.

A meta-analysis on the eff ects of H pylori eradication in 
patients with ITP which included 11 studies found that 
eradication was successful for 166 (81.0%) of 205 H. pylori 
positive patients. (30) Patients were treated with 750-1500 
mg of amoxicillin twice daily and 200-400 clarithromycin 
mg twice daily. PPIs were administered for seven days, 
except in one study in which it was administered for four-
teen days.

IRON DEFICIENCY ANEMIA

As ferric iron is absorbed the acidic pH of the stomach, it is 
reduced by ascorbic acid to ferrous iron. (43-45) Decreased 
levels of ascorbic acid and stomach acidity secondary 
to infl ammatory histopathological  changes caused 
by  H.  pylori  can participate in producing inadequate iron 
absorption and thus in the pathogenesis of iron defi ciency 
anemia. (46-51) It is well known that gastritis, regardless 
of its degree, leads to the predominance of the oxidized, 
biologically inactive form of ascorbic acid in the gastric 
juice. (45) Th is also decreases the absorption of iron. On 
the other hand bacteria need iron for growth and some-
times even compete with their host for it. (52) Th us, the 
very presence of  H.  pylori,  even when asymptomatic, can 
reduce iron absorbed from the diet. By taking iron directly 
from the contents of the stomach the bacteria can reduce 
the amount available to the host. (53-56) In addition, it has 
been demonstrated that H. pylori can sequester lactoferrin 
from the gastric mucosa of the host, primarily from neutro-
phils and glands, (57) and that it can express a receptor for 
lactoferrin in its membrane through which it can directly 
take iron. (58-60) Bleeding peptic ulcers, hemorrhagic gas-
tritis and tumors are other possible mechanisms that can 
cause or contribute to iron defi ciency. (49, 53) A study of 
a population in Alaska att ributed iron defi ciency to occult 
gastrointestinal bleeding (detected by hemoglobin in feces) 
produced by chronic gastritis in H. pylori infected patients. 
(61) Other studies have found ulceration endoscopically. 
(62) Finally, a mechanism related to the regulation of iron 
metabolism through hepcidin has been proposed. Hepcidin 
is a peptide synthesized in the liver which acts as a regula-
tor of absorption and systemic availability of intestinal iron. 
(63) Hepcidin binds to ferroportin a transmembrane pro-
tein found primarily in macrophages and enterocytes. Th is 
allows passage of intracellular iron to the extracellular space 
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of the stomach and intestines. Th ese bacteria may in turn 
make use of the vitamin B12 themselves. (73) Th is mecha-
nism is supported decreased vitamin B12 levels secondary 
to chronic use of PPIs. (71, 74)  In addition, it has been 
proposed that vitamin B12 defi ciency is secondary to 
decreased production of intrinsic factor due to atrophic 
gastritis (pernicious anemia) which results from chro-
nic  H.  pylori  infections. (29, 75, 76)  However, one study 
has concluded that the association between H. pylori  and 
vitamin B12 defi ciency is independent of atrophic gastritis 
(Figure 4). (77)

Despite this, the systematic review of Lahner and collea-
gues conclude that there is insuffi  cient evidence to arrive at 
conclusions about the actual mechanisms of vitamin B12 
defi ciency secondary to infection with H. pylori. (29)

and 7.15 mg / L in the second. Th e authors of this study 
att ributed this diff erence to two factors caused by the use 
of PPIs: decreased concentrations of ascorbic acid in the 
gastric juice which decreases the absorption of non-heme 
iron; and decreased absorption of vitamin B12 which also 
contributes to the absorption of iron. (70, 71)

VITAMIN B12 DEFICIENCY

A mechanism that has been proposed to explain this asso-
ciation is that the action of H. pylori decreases gastric acid 
secretions which leads to hypochlorhydria. (72) Th e action 
of gastric acid in the stomach is required to release protein 
bounded vitamin B12 on the one hand while hypochlor-
hydria itself leads to an increase in the bacterial population 

Figure 3. Primary mechanisms by which by H. pylori contributes to the development of iron defi ciency anemia. A ) Hypochlorhydria, decreased levels 
of ascorbic acid and the predominance of the oxidized form of ascorbic acid (biologically inactive) decrease the reduction of ferric iron to ferrous 
iron, the form absorbed by the intestines. B) H. pylori uses iron to proliferate and can compete with the host by capturing iron in its free form or via 
accumulation and uptake by lactoferrin (LF). C) Increased hepcidin production secondary to infection by H. pylori decreases the release of iron from 
macrophages and from enterocytes. Illustration produced from individual images created with Servier Medical Art in accordance with its conditions 
of use.
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neurodegenerative diseases, heart disease and liver fi brosis. 
(14-24, 26)

In the case of ITP, one of the primary pathogenic mecha-
nisms is the production of antibodies against antigens 
produced by  H.  pylori (primarily CagA protein). Th ese 
antigens cross-react against CagA similar antigens on the 
surface of platelets. (39) Th ree mechanisms are involved 
in the association H.  pylori with iron defi ciency anemia: 
1) decreased reduction of ferric iron to ferrous iron due 
to histopathological changes in the stomach produced 
by  H.  pylori  leading to decreased intestinal absorption of 
this mineral; (46-51) 2) H. pylori competes with the host 
for iron consumption because the bacteria need it to pro-
liferate, (53-56, 58-60) and 3) H. pylori increases hepcidin 
production which reduces intestinal iron absorption and 
reduces the release of iron recycled by macrophages. (68, 
69) Finally, for the case of vitamin B12 defi ciency, the pri-
mary pathogenic mechanism involves reducing the release 
of the vitamin from proteins ingested by the host due to 
hypochlorhydria triggered by H. pylori infections. (72, 73)

REFERENCES

1. Linz B, Balloux F, Moodley Y, et al. An African origin for 
the intimate association between humans and Helicobacter 
pylori. Nature. 2007;445:915-8.

2. Marshall BJ, Warren JR. Unidentifi ed curved bacilli in the 
stomach of patients with gastritis and peptic ulceration. 
Lancet. 1984;1:1311-5.

3. Dunn BE, Cohen H, Blaser MJ. Helicobacter pylori. Clin 
Microbiol Rev. 1997;10:720-41.

TREATMENT OF H. PYLORI IN PATIENTS WITH VITAMIN 
B12 DEFICIENCY 

A meta-analysis that included fi ve studies evaluating vitamin 
B12 levels before and aft er eradication of H. pylori in a total 
of 283 H. pylori positive patients found that the treatment 
was eff ective in 173 patients (61.1%) with an average 
follow-up period of a month (0.25 to 12 months). (29) Th e 
eradication treatment used in one study combined a PPI, 
amoxicillin, clarithromycin and metronidazole, (78) two 
studies combined a PPI, clarithromycin and amoxicillin, 
(77, 79) another study combined a PPI and clarithromy-
cin, and the other used only metronidazole. (80, 81) Th e 
meta-analysis showed an increase in vitamin B12 levels 
among patients for whom H. pylori was eradicated.

CONCLUSIONS

H.  pylori  are bacteria that have accompanied us through 
a large part of human history. (1)  Th ere association with 
gastric diseases has been shown since ancient times, but 
only recently has an association with extragastric diseases 
been demonstrated. (2, 21-27) H. pylori have been causally 
associated with vitamin B12 defi ciency, immune throm-
bocytopenic purpura and iron defi ciency anemia without 
another explanation. It has been recommended that phy-
sicians look for and treat H.  pylori  in patients with these 
three conditions. (31) Nevertheless, there are several other 
extragastric pathologies in which this bacterium may play a 
role. Th ese include colon cancer, type 2 diabetes mellitus, 

Gastric
atrophy

Figure 4.  Mechanisms involved in the association between  H.  pylori  and vitamin B12 defi ciency. Hy pochlorhydria leads to increased bacterial 
colonization. Bacteria compete with the host for vitamin B12. Hypochlorhydria also reduces release of vitamin B12 bounded to proteins thereby 
preventing binding to intrinsic factor and absorption. Intrinsic factor decreases due to atrophy of the gastric mucosa which decreases the ability to 
absorb vitamin B12 in the intestines. Illustration produced from individual images created with Servier Medical Art in accordance with its conditions 
of use.

   Intrinsic
factor

Hypochlorhydria

Release of 
VitB12 bounded 

to proteins

Bacterial
colonization

Infl ammation:
- IL1B
- TNF
- IL6

HCL

Cobalamin 
defi ciency



329Helicobacter pylori and hematologic diseases

21. Jeon CY, Haan MN, Cheng C, et al. Helicobacter pylori 
infection is associated with an increased rate of diabetes. 
Diabetes Care. 2012;35:520-5.

22. Roubaud-Baudron C, Krolak-Salmon P, Quadrio I, et 
al. Impact of chronic Helicobacter pylori infection on 
Alzheimer’s disease: preliminary results. Neurobiol Aging. 
2012;33:1009.e11-9.

23. Kountouras J, Tsolaki M, Gavalas E, et al. Relationship bet-
ween Helicobacter pylori infection and Alzheimer disease. 
Neurology. 2006;66:938-40.

24. Jafarzadeh A, Esmaeeli-Nadimi A, Nemati M, et al. Serum 
concentrations of Helicobacter pylori IgG and the virulence 
factor CagA in patients with ischaemic heart disease. East 
Mediterr Health J. 2010;16:1039-44.

25. Veneri D, Bonani A, Franchini M, et al. Idiopathic thrombo-
cytopenia and Helicobacter pylori infection: platelet count 
increase and early eradication therapy. Blood Transfus. 
2011;9:340-2.

26. Ki MR, Goo MJ, Park JK, et al. Helicobacter pylori acce-
lerates hepatic fi brosis by sensitizing transforming growth 
factor-β1-induced infl ammatory signaling. Lab Invest. 
2010;90:1507-16.

27. Papagiannakis P, Michalopoulos C, Papalexi F, et al. Th e role 
of Helicobacter pylori infection in hematological disorders. 
Eur J Intern Med. 2013. doi: 10.1016/j.ejim.2013.02.011. 

28. Qu XH, Huang XL, Xiong P, et al. Does Helicobacter pylori 
infection play a role in iron defi ciency anemia? A meta-
analysis. World J Gastroenterol. 2010;16:886-96.

29. Lahner E, Persechino S, Annibale B. Micronutrients (Other 
than iron) and Helicobacter pylori infection: a systematic 
review. Helicobacter. 2012;17:1-15.

30. Arnold DM, Bernotas A, Nazi I, et al. Platelet count response 
to H. pylori treatment in patients with immune thrombo-
cytopenic purpura with and without H. pylori infection: a 
systematic review. Haematologica. 2009;94:850-6.

31. Malfertheiner P, Megraud F, O’Morain CA, et al. 
Management of Helicobacter pylori infection-the Maastricht 
IV/ Florence Consensus Report. Gut. 2012;61:646-64.

32. Liebman HA, Stasi R. Secondary immune thrombocytope-
nic purpura. Curr Opin Hematol. 2007;14:557-73.

33. Russo A, Eboli M, Pizzett i P, et al. Determinants of 
Helicobacter pylori seroprevalence among Italian blood 
donors. Eur J Gastroenterol Hepatol. 1999;11:867-73.

34. Graham DY, Malaty HM, Evans DG, et al. Epidemiology of 
Helicobacter pylori in an asymptomatic population in the 
United States. Eff ect of age, race, and socioeconomic status. 
Gastroenterology. 1991;100:1495-501.

35. Michel M, Cooper N, Jean C, et al. Does Helicobater pylori 
initiate or perpetuate immune thrombocytopenic purpura? 
Blood. 2004;103:890-6.

36. Hayashi H, Okuda M, Aoyagi N, et al. Helicobacter pylori 
infection in children with chronic idiopathic thrombocyto-
penic purpura. Pediatr Int. 2005;47:292-5.

37. Stasi R, Sarpatwari A, Segal JB, et al. Eff ects of eradication 
of Helicobacter pylori infection in patients with immune 

4. Suerbaum S, Michett i P. Helicobacter pylori infection. N 
Engl J Med. 2002;347:1175-86.

5. Aje AO, Otegbayo JA, Odaibo GN, et al. Comparative study 
of stool antigen test and serology for Helicobacter pylori 
among Nigerian dyspeptic patients-a pilot study. Niger J 
Clin Pract. 2010;13:120-4.

6. McJunkin B, Sissoko M, Levien J, et al. Dramatic decline 
in prevalence of Helicobacter pylori and peptic ulcer 
disease in an endoscopy-referral population. Am J Med. 
2011;124:260-4.

7. Grad YH, Lipsitch M, Aiello AE. Secular trends in 
Helicobacter pylori seroprevalence in adults in the United 
States: evidence for sustained race/ethnic disparities. Am J 
Epidemiol. 2012;175:54-9.

8. Epplein M, Signorello LB, Zheng W, et al. Race, African 
ancestry, and Helicobacter pylori infection in a low-income 
United States population. Cancer Epidemiol Biomarkers 
Prev. 2011;20:826-34.

9. Jafar S, Jalil A, Soheila N, et al. Prevalence of helicobacter 
pylori infection in children, a population-based cross-sectio-
nal study in west iran. Iran J Pediatr. 2013;23:13-8.

10. IARC Working Group on the Evaluation of Carcinogenic 
Risks to Humans. Schistosomes, liver fl ukes and 
Helicobacter pylori. Lyon, 7-14 June 1994. IARC Monogr 
Eval Carcinog Risks Hum. 1994;61:1-241.

11. Otero W, Gómez M, Castro D. Carcinogénesis gástrica. Rev 
Col Gastroenterol. 2009;24:314-29.

12. Herrera V, Parsonnet J. Helicobacter pylori and gastric ade-
nocarcinoma. Clin Microbiol Infect. 2009;15:971-6.

13. Otero W, Trespalacios A, Otero E. Helicobacter pylori: 
Tratamiento actual. Un importante reto en gastroenterolo-
gía. Rev Col Gastroenterol. 2009;24:279-92.

14. Zumkeller N, Brenner H, Zwahlen M, et al. Helicobacter 
pylori infection and colorectal cancer risk: a meta-analysis. 
Helicobacter. 2006;11:75-80.

15. Zhao YS, Wang F, Chang D, et al. Meta-analysis of diff erent 
test indicators: Helicobacter pylori infection and the risk of 
colorectal cancer. Int J Colorectal Dis. 2008;23:875-82.

16. Zhang Y, Hoff meister M, Weck MN, et al. Helicobacter 
pylori infection and colorectal cancer risk: evidence from a 
large population-based case-control study in Germany. Am J 
Epidemiol. 2012;175:441-50.

17. Inoue I, Mukoubayashi C, Yoshimura N, et al. Elevated risk 
of colorectal adenoma with Helicobacter pylori-related 
chronic gastritis: a population-based case-control study. Int 
J Cancer. 2011;129:2704-11.

18. Hong SN, Lee SM, Kim JH, et al. Helicobacter pylori infec-
tion increases the risk of colorectal adenomas: cross-sectio-
nal study and meta-analysis. Dig Dis Sci. 2012;57:2184-94.

19. Sonnenberg A, Genta RM. Helicobacter pylori is a risk factor 
for colonic neoplasms. Am J Gastroenterol. 2013;108:208-
15.

20. Wu Q, Yang ZP, Xu P, et al. Association between 
Helicobacter pylori infection and the risk of colorectal neo-
plasia: a systematic review and meta-analysis. Colorectal 
Dis. 2013;15:e352-64. 



Rev Col Gastroenterol / 28 (4) 2013330 Review articles

seroepidemiologic survey comprising 2794 Danish adults. 
Gastroenterology. 1998;115:268-74.

54. Barabino A, Dufour C, Marino CE, et al. Unexplained refrac-
tory iron-defi ciency anemia associated with Helicobacter 
pylori gastric infection in children: further clinical evidence. 
J Pediatr Gastroenterol Nutr. 1999;28:116-9.

55. Mahalanabis D, Islam MA, Shaikh S, et al. Haematological 
response to iron supplementation is reduced in children 
with asymptomatic Helicobacter pylori infection. Br J Nutr. 
2005;94:969-75.

56. Jeon BH, Oh YJ, Lee NG, et al. Polymorphism of the 
Helicobacter pylori feoB gene in Korea: a possible relation 
with iron-defi ciency anemia? Helicobacter. 2004;9:330-4.

57. Choe YH, Oh YJ, Lee NG, et al. Lactoferrin sequestra-
tion and its contribution to iron-defi ciency anemia in 
Helicobacter pylori-infected gastric mucosa. J Gastroenterol 
Hepatol. 2003;18:980-5.

58. Husson MO, Legrand D, Spik G, et al. Iron acquisition by 
Helicobacter pylori: importance of human lactoferrin. 
Infect Immun. 1993;61:2694-7.

59. Dhaenens L, Szczebara F, Husson MO. Identifi cation, 
characterization, and immunogenicity of the lactoferrin-
binding protein from Helicobacter pylori. Infect Immun. 
1997;65:514-8.

60. DuBois S, Kearney DJ. Iron-defi ciency anemia and 
Helicobacter pylori infection: a review of the evidence. Am J 
Gastroenterol. 2005;100:453-9.

61. Yip R, Limburg PJ, Ahlquist DA, et al. Pervasive occult gas-
trointestinal bleeding in an Alaska native population with 
prevalent iron defi ciency. Role of Helicobacter pylori gastri-
tis. JAMA. 1997;277:1135-9.

62. Chan FK, Chung SC, Suen BY, et al. Preventing recurrent 
upper gastrointestinal bleeding in patients with Helicobacter 
pylori infection who are taking low-dose aspirin or naproxen. 
N Engl J Med. 2001;344:967-73.

63. Krause A, Neitz S, Mägert HJ, et al. LEAP-1, a novel highly 
disulfi de-bonded human peptide, exhibits antimicrobial 
activity. FEBS Lett . 2000;480:147-50.

64. Nemeth E, Tutt le MS, Powelson J, et al. Hepcidin regulates 
cellular iron effl  ux by binding to ferroportin and inducing its 
internalization. Science. 2004;306:2090-3.

65. Nemeth E, Valore EV, Territo M, et al. Hepcidin, a putative 
mediator of anemia of infl ammation, is a type II acute-phase 
protein. Blood. 2003;101:2461-3.

66. Lee SY, Song EY, Yun YM, et al. Serum prohepcidin levels 
in Helicobacter pylori infected patients with iron defi ciency 
anemia. Korean J Intern Med. 2010;25:195-200.

67. Beutler E. Hepcidin mimetics from microorganisms? A pos-
sible explanation for the eff ect of Helicobacter pylori on iron 
homeostasis. Blood Cells Mol Dis. 2007;38:54-5.

68. Ozkasap S, Yarali N, Isik P, et al. Th e role of prohepcidin in 
anemia due to helicobacter pylori infection. Pediatr Hematol 
Oncol. 2013;30:425-31.

69. Azab SF, Esh AM. Serum hepcidin levels in Helicobacter 
pylori-infected children with iron-defi ciency anemia: a case-
control study. Ann Hematol. 2013;92:1477-83. 

thrombocytopenic purpura: a systematic review. Blood. 
2009;113:1231-40.

38. Franchini M, Cruciani M, Mengoli C, et al. Eff ect of 
Helicobacter pylori eradication on platelet count in idio-
pathic thrombocytopenic purpura: a systematic review and 
meta-analysis. J Antimicrob Chemother. 2007;60:237-46.

39. Takahashi T, Yujiri T, Shinohara K, et al. Molecular mimi-
cry by Helicobacter pylori CagA protein may be involved in 
the pathogenesis of H. pylori-associated chronic idiopathic 
thrombocytopenic purpura. Br J Haematol. 2004;124:91-6.

40. Pérez-Pérez GI, Bhat N, Gaensbauer J, et al. Country-specifi c 
constancy by age in cagA+ proportion of Helicobacter 
pylori infections. Int J Cancer. 1997;72:453-6.

41. Asahi A, Nishimoto T, Okazaki Y, et al. Helicobacter pylori 
eradication shift s monocyte Fcgamma receptor balance 
toward inhibitory FcgammaRIIB in immune thrombocyto-
penic purpura patients. J Clin Invest. 2008;118:2939-49.

42. Yamanishi S, Iizumi T, Watanabe E, et al. Implications for 
induction of autoimmunity via activation of B-1 cells by 
Helicobacter pylori urease. Infect Immun. 2006;74:248-56.

43. Lombard M, Chua E, O’Toole P. Regulation of intestinal 
non-haem iron absorption. Gut. 1997;40:435-9.

44. Conrad ME, Umbreit JN, Moore EG. Iron absorption and 
transport. Am J Med Sci. 1999;318:213-29.

45. Rathbone BJ, Johnson AW, Wyatt  JI, et al. Ascorbic acid: a 
factor concentrated in human gastric juice. Clin Sci (Lond). 
1989;76:237-41.

46. Capurso G, Lahner E, Marcheggiano A, et al. Involvement 
of the corporal mucosa and related changes in gastric acid 
secretion characterize patients with iron defi ciency anae-
mia associated with Helicobacter pylori infection. Aliment 
Pharmacol Th er. 2001;15:1753-61.

47. Annibale B, Capurso G, Lahner E, et al. Concomitant alte-
rations in intragastric pH and ascorbic acid concentration 
in patients with Helicobacter pylori gastritis and associated 
iron defi ciency anaemia. Gut. 2003;52:496-501.

48. Baysoy G, Ertem D, Ademoğlu E, et al. Gastric histopatho-
logy, iron status and iron defi ciency anemia in children with 
Helicobacter pylori infection. J Pediatr Gastroenterol Nutr. 
2004;38:146-51.

49. Muhsen K, Cohen D. Helicobacter pylori infection and iron 
stores: a systematic review and meta-analysis. Helicobacter. 
2008;13:323-40.

50. Zhang ZW, Patchett  SE, Perrett  D, et al. Th e relation bet-
ween gastric vitamin C concentrations, mucosal histo-
logy, and CagA seropositivity in the human stomach. Gut. 
1998;43:322-6.

51. Sarker SA, Davidsson L, Mahmud H, et al. Helicobacter 
pylori infection, iron absorption, and gastric acid secretion 
in Bangladeshi children. Am J Clin Nutr. 2004;80:149-53.

52. Ott o BR, Verweij-van Vught AM, MacLaren DM. 
Transferrins and heme-compounds as iron sources for 
pathogenic bacteria. Crit Rev Microbiol. 1992;18:217-33.

53. Milman N, Rosenstock S, Andersen L, et al. Serum ferri-
tin, hemoglobin, and Helicobacter pylori infection: a 



331Helicobacter pylori and hematologic diseases

77. Serin E, Gümürdülü Y, Ozer B, et al. Impact of Helicobacter 
pylori on the development of vitamin B12 defi ciency in the 
absence of gastric atrophy. Helicobacter. 2002;7:337-41.

78. Kaptan K, Beyan C, Ural AU, et al. Helicobacter pylori-is 
it a novel causative agent in Vitamin B12 defi ciency? Arch 
Intern Med. 2000;160:1349-53.

79. Ozer B, Serin E, Gumurdulu Y, et al. Helicobacter 
pylori eradication lowers serum homocysteine level in 
patients without gastric atrophy. World J Gastroenterol. 
2005;11:2764-7.

80. Marino MC, de Oliveira CA, Rocha AM, et al. Long-term 
eff ect of Helicobacter pylori eradication on plasma homo-
cysteine in elderly patients with cobalamin defi ciency. Gut. 
2007;56:469-74.

81. Cohen H, Weinstein WM, Carmel R. Heterogeneity of gas-
tric histology and function in food cobalamin malabsorp-
tion: absence of atrophic gastritis and achlorhydria in some 
patients with severe malabsorption. Gut. 2000;47:638-45.

70. Hutchinson C, Geissler CA, Powell JJ, et al. Proton pump 
inhibitors suppress absorption of dietary non-haem iron in 
hereditary haemochromatosis. Gut. 2007;56:1291-5.

71. McColl KE. Eff ect of proton pump inhibitors on vitamins 
and iron. Am J Gastroenterol. 2009;104(Suppl 2):S5-9.

72. Annibale B, Capurso G, Delle Fave G. Consequences of 
Helicobacter pylori infection on the absorption of micronu-
trients. Dig Liver Dis. 2002;34(Suppl 2):S72-7.

73. Baik HW, Russell RM. Vitamin B12 defi ciency in the elderly. 
Annu Rev Nutr. 1999;19:357-77.

74. Ito T, Jensen RT. Association of long-term proton pump 
inhibitor therapy with bone fractures and eff ects on absorp-
tion of calcium, vitamin B12, iron, and magnesium. Curr 
Gastroenterol Rep. 2010;12:448-57.

75. Carmel R. Malabsorption of food cobalamin. Baillieres Clin 
Haematol. 1995;8:639-55.

76. Stopeck A. Links between Helicobacter pylori infection, 
cobalamin defi ciency, and pernicious anemia. Arch Intern 
Med. 2000;160:1229-30.


