[image: image3.png]// (]‘ World Journal of
¢ Gastroenterology




	Role of Helicobacter pylori infection in autoimmune systemic rheumatic diseases

Mislav Radić

	CITATION
	Radić M. Role of Helicobacter pylori infection in autoimmune systemic rheumatic diseases. World J Gastroenterol 2014; 20(36): 12839-12846


	URL
	http://www.wjgnet.com/1007-9327/full/v20/i36/12839.htm



	DOI
	http://dx.doi.org/10.3748/wjg.v20.i36.12839



	OPEN ACCESS
	Articles published by this Open-Access journal are distributed under the terms of the Creative Commons Attribution Non-commercial License, which permits use, distribution, and reproduction in any medium, provided the original work is properly cited, the use is non commercial and is otherwise in compliance with the license.

	CORE TIP
	The exact etiology of systemic rheumatic diseases is unclear, but it has long been suggested that exposure to certain environmental agents, such as bacterial infection, in genetically predisposed individuals may be the trigger for the initiation of autoimmune processes. Because of its prevalence and ability to affect human immune function, many researchers have hypothesized that Helicobacter pylori (H. pylori) might contribute to the systemic rheumatic diseases development. I summarize the current state of knowledge about H. pylori role in autoimmune systemic rheumatic diseases and the possible mechanisms by which H. pylori exposures might induce pathological processes.



	KEY WORDS
	Rheumatoid arthritis; Sjögren’s syndrome; Systemic sclerosis; Systemic lupus erythematosus; Helicobacter pylori; Pathogenesis


	COPYRIGHT 
	© 2014 Baishideng Publishing Group Inc. All rights reserved. 

	COPYRIGHT LICENSE
	Order reprints or request permissions: bpgoffice@wjgnet.com 



	NAME OF JOURNAL
	World Journal of Gastroenterology

	ISSN
	1007-9327 (print) 2219-2840 (online)

	PUBLISHER
	Baishideng Publishing Group Inc, 8226 Regency Drive, Pleasanton, CA 94588, USA

	WEBSITE
	http://www.wjgnet.com


Name of journal: World Journal of Gastroenterology

ESPS Manuscript NO: 6388
Columns: TOPIC HIGHLIGHT
Role of Helicobacter pylori infection in autoimmune systemic rheumatic diseases

Mislav Radić

Mislav Radić, Division of Rheumatology and Clinical Immunology, University of Split School of Medicine, University Hospital Centre Split, 21 000 Split, Croatia

Author contributions: Radić M conceived the idea for the work, performed the literature review and wrote the manuscript. 

Correspondence to: Mislav Radić, MD, PhD, Division of Rheumatology and Clinical Immunology, University of Split School of Medicine, University Hospital Centre Split, Šižgorićeva 20/II, 21 000 Split, Croatia. mislavradic@gmail.com

Telephone: +385-21-557497  Fax: +385-21-557497

Received: October 15, 2013    Revised: June 11, 2014  Accepted: July 22, 2014

Published online: September 28, 2014

Abstract
The relationship between infection and autoimmunity has been increasingly defined over the last 20 years. The systemic rheumatic diseases are characterized by dysregulation of the immune system resulting in a loss of tolerance to self-antigen. The exact etiology for the majority of these diseases is unknown; however, a complex combination of host and environmental factors are believed to play a pivotal role. Helicobacter pylori (H. pylori) is one of the most widely studied infectious agents proposed as agents triggering autoimmune response. The persistent presence of H. pylori in the gastric mucosa results in chronic immune system activation with ongoing cytokine signaling, infiltration of gastric mucosa by neutrophils, macrophages, lymphocytes, as well as production of antibodies and effector T-cells. Various mechanisms have been proposed in an attempt to explain the extra-intestinal manifestations of H. pylori infections. These include: molecular mimicry, endothelial cell damage, superantigens and microchimerism. I performed a systematic literature review using the keywords “rheumatoid arthritis”, “Sjögren’s syndrome”, “systemic sclerosis”, “systemic lupus erythematosus”, “Helicobacter pylori” and “pathogenesis”. A systematic literature search was carried out in MEDLINE; EMBASE; Cochrane Library and ACR/EULAR meeting abstracts. In systemic rheumatic diseases H. pylori infection prevalence alone should not be expected to provide sufficient evidence for or against a pathologic role in the disease. In this article Ⅰ review studies examining the potential involvement of H. pylori infection in autoimmune systemic rheumatic diseases. Further studies of the immunological response to H. pylori and its role in the pathogenesis of systemic rheumatic diseases are warranted.
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Core tip: The exact etiology of systemic rheumatic diseases is unclear, but it has long been suggested that exposure to certain environmental agents, such as bacterial infection, in genetically predisposed individuals may be the trigger for the initiation of autoimmune processes. Because of its prevalence and ability to affect human immune function, many researchers have hypothesized that Helicobacter pylori (H. pylori) might contribute to the systemic rheumatic diseases development. I summarize the current state of knowledge about H. pylori role in autoimmune systemic rheumatic diseases and the possible mechanisms by which H. pylori exposures might induce pathological processes.

INTRODUCTION
The relationship between infection and autoimmunity has been intensely investigated over the last 20 years[1]. The systemic rheumatic diseases are characterized by immune system dysregulation which resulting in a loss of tolerance to self-antigen. The accurate etiology for the majority of these diseases is unknown; nevertheless, a complex combination of host and environmental factors are assumed to play a pivotal role. Numerous infectious agents have been implicated as possible environmental agents contributing to the development of systemic rheumatic diseases in predisposed patients. The persistent, complex of interplay between infectious agent and host immunity may cause to immune dysregulation and subsequent development of autoimmunity in predisposed individuals (Figure 1). An extensive body of evidence suggests that there are many potential environmental triggers for systemic rheumatic diseases and that host factors determine the sensitivity of the host to disease in response to these triggers[1]. Helicobacter pylori (H. pylori) is one of the most commonly studied infectious agents proposed as agents triggering autoimmune response. This is due to the unique attributes of H. pylori such as long-term survival in the host environment, worldwide prevalence, and its complex interactions with the host immune system. Because of its ability to elicit a chronic immune response in the host, studies have suggested a possible role for H. pylori in the development of autoimmune diseases. We performed a systematic literature review using the keywords “rheumatoid arthritis”, “Sjögren’s syndrome”, “systemic sclerosis”, “systemic lupus erythematosus”, “Helicobacter pylori” and “pathogenesis”. A systematic literature search was conducted from MEDLINE; EMBASE; Cochrane Library and ACR/EULAR meeting abstracts. In this article, we review the current state of knowledge of H. pylori infection as a risk factor in some autoimmune systemic rheumatic diseases and the possible mechanisms by which infectious exposures might induce pathologic processes. The aim of this article was to review the possible role of H. pylori in the pathogenesis of various systemic rheumatic diseases.

H. pylori is a widespread, Gram-negative bacterium which usually infects the gastric mucosa. Since its initial detection as a human pathogen in 1983, H. pylori has been associated in numerous diseases[2]. The presence of H. pylori in gastric mucosa has been implicated with various gastrointestinal ailments, including peptic ulcers, noncardia gastric adenocarcinoma and gastric mucosa associated lymphoid tissue (MALT) lymphoma[2]. H. pylori is one of the most common pathogens affecting humans, infecting approximately 50% of the world’s population. It is found more frequently in developing countries than in industrialized countries, probably due to poor sanitary conditions[3]. However, despite the high prevalence of infection, H. pylori produce a disease in only a minority of patients[4]. In this moment, routine screening is not recommended, but any individual with confirmed gastric or duodenal ulcers, or MALT lymphoma, should be tested[5]. 

The outcome of the infection depends on several factors: bacterial virulence, host factors, and environmental factors[6]. Ulceration and carcinogenesis are reciprocally exclusive outcomes of this infection. H. pylori infection is a very persistent infection, and in high prevalence regions, repeated infections are common[3,7]. The bacteria have been isolated from saliva, feces and dental plaques of infected patients, which suggest the fecal-oral route as the possible transmission mode[8]. The pathogen is a gram-negative spiral shaped bacterium that has the unique capability to colonize the human gastric mucosa[9]. Some virulence factors such as urease and flagella are present in all strains and are obligatory for the colonization of the gastric mucosa and pathogenetic findings. With its flagella, the bacterium moves through the stomach lumen and pierces into the gastric mucosal layer. The presence of the flagella and their constant mobility is required for persistent gastric colonization[10]. The main bacterial factors associated with pathogenicity inclusive outer membrane proteins, including the vacuolating cytotoxin VacA, and the product CagA. An interaction between bacterial agents such as CagA and host signal transduction pathways appears to be critical for mediating cell transformation, cell proliferation, invasion, apoptosis/antiapoptosis, and angiogenesis[11]. The main pathophysiological event in H. pylori infection is initiation and continuation of an inflammatory response. Bacteria or their products induce this inflammatory process and the main mediators of which are cytokines[12,13]. This response is linked to the expression of proinflammatory cytokines, both on the surface epithelium and in macrophages/monocytes[14-17]. Furthermore, another determinant of virulence is the neutrophil-activating protein (NapA) gene, a gene that was shown to be induced by contact with the epithelium (iceA1)[5]. 

Evidence presented above indicates an overall downregulation of the host immune response in H. pylori infected individuals. However, the persistent presence of H. pylori in gastric mucosa has the effect of chronic immune system activation with ongoing cytokine signaling, infiltration of gastric mucosa by neutrophils, macrophages, lymphocytes, as well as production of effectors T-cells and antibodies[18]. Various mechanisms have been suggested in an attempt to explain the extra-intestinal manifestations of H. pylori infections. These involves: molecular mimicry, endothelial cell damage, microchimerism and superantigens. Molecular mimicry is a mechanism by which we may explain the pathogenicity of antibodies against bacterial proteins in systemic sclerosis (SSc). It is already known that the immunological response caused by H. pylori is an important determinant of the amount of gastric mucosal damage. Therefore the production of large number of various proinflammatory substances, such as cytokines, proteins of the acute phase and eicosanoids, follows gastric colonization by H. pylori[19]. Finally, this inflammatory response may lead to the development of cross-reactive antibodies (by molecular mimicry) and antigen-antibody complexes causing the damage to other organs[6]. Superantigens are proteins that are derived exogenously by bacteria or expressed endogenously in the organism[20]. Microbial superantigens may stimulate an immediate T cell while it has been shown that B cell response may bind to microbial superantigens to surface class Ⅱ MHC molecules and become a target of T-helper lymphocytes. The term microchimerism applies to one individual harbouring DNA or cells at a low level that stemming from another individual. Furthermore, CD4+ and CD8+ T cells circulating levels have been found significantly higher in SSc patients than in controls. Furthermore, diffuse SSc patients have significantly more CD4+ microchimeric T cells compared to controls[21]. In individuals with circulating microchimeric T cells, the endothelium represents an allotypic stimulus to those cells. This could mimic the same pathway transplanted T cells follow in graft-vs-host disease. Infections by any microorganism may cause the activation of / T cells (found in significant amount in SSc skin). The encounter of / T cells with microorganism shift from a Th2 tolerogenic to a Th1 cytotoxic pattern. The / T cells may meet resident microchimeric cells inducing a cross-reaction against “nonself” cells igniting automatically a graft-versus-host disease-like reaction[22]. Because of these reasons, confounders like co-infections, host factors and differences between H. pylori strains should be observed and controlled to understand the possible role of H. pylori infection in autoimmune systemic rheumatic diseases.

It has been suggested that H. pylori infection induces a phenomenon similar to that seen in the molecular mimicry between host proteins and haemolytic streptococcus group A antigens resulting in both humoral and cell mediated autoimmune reactions and ultimately causing rheumatic fever and rheumatic heart disease[21]. Based on these perceptions, investigators have examined the possible role of H. pylori as a pathogenic determinant for idiopathic extra intestinal diseases, in which immune dysregulation is included. 

H. PYLORI AND SYSTEMIC SCLEROSIS

The most recent research on the involvement of bacterial infections in the pathogenesis of SSc focuses on H. pylori which has been implicated in other vascular diseases[22]. Several studies have investigated an association between H. pylori infection and Raynaud’s phenomenon, Sjögren syndrome, and SSc. In a group of primary Raynaud’s phenomenon patients eradication of H. pylori infection was associated with complete disappearance of the episodes of Raynaud’s phenomenon in 17% of treated patients and a reduction in symptoms in an additional 72%[23]. Although this study was not double blinded, it is interesting that symptoms of Raynaud’s phenomenon did not improve in subgroup of patients in whom eradication of H. pylori failed. A more recent trial of similar design reported almost equal results[24]. Furthermore the results of one study identified higher incidence rates of serological evidence of H. pylori infection in patients with rheumatologic diseases, including SSc[25]. In contrast to previous findings, three larger studies did not find any difference in H. pylori infection rates between patients with SSc with Raynaud’s phenomenon compared with healthy controls[26-28]. However, even if it was true that H. pylori infection rates do not correlate with SSc, this does not necessarily exclude its involvement in SSc. One clinical study showed that, despite the absence of a difference in H. pylori infection rates between SSc patients and controls, 90% of SSc patients were infected with the virulent CagA strain compared with only 37% of the infected controls[29]. Therefore, confounding factors such as differences in H. pylori strains, coinfections and immunological and genetic host factors will have to be further identified and controlled in order to understand the possible role of H. pylori in Raynaud’s phenomenon, SSc, and other vascular phenomena. The association between Raynaud’s syndrome and H. pylori infection has been attributed to increased levels of cytokines and acute phase reactants, such as C-reactive protein and fibrinogen, causing the vasospasm and platelet aggregation[27,29-31]. Kalabay et al[32], who found a high prevalence of H. pylori infection in SSc patients (78%) (n = 55), tried to explain the preferential occurrence of H. pylori infection in SSc in two ways. First, an increased H. pylori infection prevalence might be caused by the disturbed gastrointestinal motility, a clinical phenomenon well known in SSc patients. The second explanation may be that H. pylori infection and the immunological mechanisms operative throughout SSc may be interconnected. We recently performed a study aiming to evaluate the possible association between H. pylori infection with disease activity, biochemical and serological data[31]. Our preliminary results suggest that H. pylori infection is implicated in activity of SSc, especially in skin involvement of this disease. This study may indicate H. pylori infection as a possible cofactor in the development of SSc. In our following research we have showed that in SSc patients, H. pylori infection status, as directly observed by invasive test, is related to disease severity; H. pylori-positive patients showed an increased risk to have a severe disease and to be affected by a moderate/severe skin or visceral involvement, compared to H. pylori-negative SSc patients[32]. Therefore, H. pylori infection status provides us some prognostic information. Clinical trials are still necessary in purpose to define the pathogenesis and confirm the increase in association between H. pylori and SSc.

H. PYLORI AND SJÖGREN’S SYNDROME

Sjögren’s syndrome (SS) is a chronic, inflammatory, autoimmune disease characterized by lymphoid cell infiltration and destruction of exocrine glands, specifically salivary and lacrimal glands. To evaluate a possible link between H. pylori infection and SS, several groups investigated the presence of H. pylori and its related antibodies in these patients. SS patients are more inclined to have H. pylori infection in comparison to patients with other connective tissue diseases[33]. In SS patients serum antibody titers to H. pylori correlated with a disease activity index, age, disease duration and C-reactive protein levels. Evaluation of H. pylori infection status in older SS patients with active disease for a relatively long duration is therefore recommended, especially those who have been suffering from primary SS for more than 3 years[34]. One of the studies suggested a possible connection between antibodies produced against heat shock protein (HSP 60) of H. pylori and SS development[25]. Susceptibility to develop an autoimmune reaction after the H. pylori infection may be associated to the specific immune background of the host such as that of SS patients. In contrary to previous studies, a much larger study of 164 primary SS patients from Sweden did not prove a higher seroprevalence rates of H. pylori as compared with control group[35]. Moreover there was no association found between H. pylori status and abnormal autoantibodies levels or abnormal lip biopsy in these patients. In a separate cohort of 54 SS patients, seroprevalence of H. pylori was 57% compared to 62% in the control group[36]. Another study compared 36 primary SS patients to 31 patients with secondary SS and determined the H. pylori infection prevalence was 80.6% and 71%, respectively[34]. Furthermore, no significant association was found between H. pylori positivity and autoantibodies presence in primary or secondary SS patients. Therefore, as previously mentioned a significant positive correlation with C-reactive protein was found in SS patients, but not with erythrocyte sedimentation rate. The results of these studies are contradictory. Some data suggests that SS patients have a higher prevalence of H. pylori infection. However, in a larger cohort of a homogenous population (with an overall low H. pylori incidence) no such association was found. Finally, there is no real evidence for the definitive confirmation of association of H. pylori infection and SS.

H. PYLORI AND SYSTEMIC LUPUS ERYTHEMATOSUS

Systemic lupus erythematosus (SLE) is a multisystem inflammatory autoimmune disorder of unknown etiology. The clinical manifestations of SLE are numerous and can affect the skin, joints, kidneys, brain, and other organs. The serologic hallmark of SLE is the production of autoantibodies, including anti-nuclear antibodies (ANA) and antidouble stranded DNA antibodies (anti-dsDNA). Previous studies conducted on mice have shown that exposure to H. pylori urease can lead to production of anti ss-DNA antibodies[37]. One study compared the H. pylori seropositivity prevalence in 466 SLE patients with matched controls and found that SLE patients had lower probability to be seropositive (36.5%) for H. pylori as compared to healthy control group (42.9%)[38]. After subgroup analysis, it was noted that H. pylori seropositive African-American females prone to develop SLE at an older age compared to H. pylori negative SLE patients. This study suggests that exposure to H. pylori may provide some protection against developing SLE in this specific population. Furthermore, these findings raise an interesting question: could H. pylori infected individuals be protected against SLE development? Although this is quite interestingly, an acceptable mechanism to explain this interconnection remains elusive.

H. PYLORI AND RHEUMATOID ARTHRITIS

Rheumatoid arthritis (RA) is an autoimmune inflammatory disorder primarily characterized by symmetrical erosive arthritis affecting small, medium, and large joints. Several environmental and genetic factors, including smoking, contribute to disease onset and severity[39]. The relationship of H. pylori infection in the RA pathogenesis is controversial. In vitro studies have found that B cells chronically stimulated with urease produced by H. pylori had the potential to produce autoantibodies, including IgM rheumatoid factor[37]. However, regardless the result of in vitro experiments, the clinical correlation between H. pylori infection and RA has been less persuasive. RA patients have an increased risk for the development of peptic ulcers but it is not clear is this directly related to an increased H. pylori infection prevalence or due to the abundant non-steroidal anti-inflammatory drugs usage[40]. Data regarding the prevalence of H. pylori infection in RA patient are contradictory. In a cohort of 187 samples from RA patients, 80.4% were found to be H. pylori seropositive; nevertheless there was no significant difference in the control group[41]. In accordance with previous study, large epidemiological study of 1815 RA Japanese patients, 49.3% were reported to have H. pylori antibodies and it was lower compared with the healthy Japanese individuals[40]. Nevertheless, another study from the same country searching the H. pylori infection prevalence in RA patient cohort reported different results, a much higher percentage (61.4%)[42]. In the study of a European cohort with RA H. pylori prevalence was reported to be 48%, which is quite similar to healthy individuals in the Western countries[43]. In fact, previously mentioned studies have shown that the prevalence of H. pylori infection in RA patients was almost identical as in healthy controls. Although, several small studies suggested some clinical improvement in RA symptoms after eradication of H. pylori[43,44], many other studies have been unable to confirm these findings[42,45]. Therefore, the data for the final confirmation of H. pylori infection association with the onset or severity of RA are still missing. 

DISCUSSION

If H. pylori induces autoimmune disease, how does it do so? There are various mechanisms by which an infecting agent may instigate autoimmunity which includes polyclonal activation, molecular mimicry, epitope spread, superantigens and bystander activation. In any case, it is broad agreement that microbial agents play an important role in the pathogenesis of a large number autoimmune diseases and it is clear that, in genetically predisposed individuals, some environmental factor (especially an infective agent) may induce or aggravate them[46]. Table 1 provides an overview of the main findings regarding the possible part of H. pylori infection in the pathogenesis of autoimmune systemic rheumatic diseases.

H. pylori infection causes in a primarily Th1 T-cell response, which leads to the production of IL-2 and interferon gamma[47]. The interact between H. pylori and B-lymphocytes develops proliferation and uncontrolled growth of predominantly CD5+ B-cells[48]. These cells assemble auto-reactive and polyreactive IgM and IgG3 antibodies[48]. Subsequent studies showed that chronic H. pylori infection and deriving exposure to urease has the effect of stimulation and increased survival of this B lymphocytes subset[37].

Chronic H. pylori infection serves as a source of ongoing antigenic stimulation and underlies the pathogens’ capability to provoke a systemic inflammatory response[49]. The prolonged interact between the H. pylori infection and host immune mechanisms makes this bacterium a probable infectious agent for triggering autoimmunity. The continuous, complex interaction between pathogen and host immunity may contribute to immune dysregulation and further development of autoimmunity in predisposed individuals.

Several different mechanisms have been suggested in an attempt to explain the extra-intestinal manifestations of H. pylori infection. The proposed mechanisms are: atrophic gastritis, enhancement in vascular permeability during the gastric infection, the release of inflammatory mediators, systemic immune response and molecular mimicry. Development of systemic rheumatic disease is unlikely to depend exclusively on an infectious agent. Instead, it likely occurs as a result of interactions between the infectious agent and a cascade of host-specific factors and events. This is not surprising because immune response to infection is highly individual. It is controlled by multiple genes, age, and the route of infection. It may even be different in the same individual from one day to the next owing to a number of factors, including coinfections, stress, and pregnancy. In addition, polymorphisms in genes unrelated to immunity may cause an infectious agent to induce disease through molecular mimicry in one person and not another. The complex network of specialized cells and molecules in the immune system has evolved to defend against pathogens, but inadvertent immune system attacks on “self” result in autoimmune disease. Both genetic regulation of immune cell levels and their relationships with autoimmunity are largely undetermined. A recent study has shown variants at three loci (HLA, IL2RA, and SH2B3/ATXN2) overlap with known autoimmune disease associations[50]. There is also a potential role of gastric epithelial cells in mucosal immunity, not only because they are predominant cell type in mucosa and initial site of host-bacterial interaction, but also as a major contributor to molecules that are thought to be primarily expressed by immune cells so far[51-54].

For example, the most prominent clinical manifestations of systemic sclerosis are caused by the exaggerated accumulation of collagen and other connective tissue components in the affected organs. In Figure 2, it is hypothesised that the infectious agent (H. pylori) is the incising factor that acts on a genetically predisposed host and results in the subsequent recruitment and homing of macrophages and T cells to the affected tissues. The inflammatory cells would undergo selective proliferation and expansion, perhaps because of an antigen-driven response, and then release cytokines and growth factors that initiate the process of tissue and vascular fibrosis. Infectious agents cause a profound phenotypic change in various target cells of different lineages (immune cells, fibroblasts, and endothelial and vascular smooth-muscle cells). This phenotypic change could be caused by integration of genetic material (for example, of H. pylori origin) within the genetic sequence of the target cells that through unknown mechanisms would induce the expression of specific regulatory genes, altering the function and behaviour of the target cells. These alterations are manifested by increased collagen and extracellular matrix production in fibroblasts, generation of autoantibodies and cellular immune abnormalities in lymphocytes, and severe fibroproliferative and prothrombotic alterations in endothelial cells. The target cell effects cytokines and growth factors, particularly transforming growth factor- and connective tissue growth factor.

In conclusion, in systemic rheumatic diseases infection prevalence alone should not be expected to provide sufficient evidence for or against a pathologic role in the disease. A competing theory that is also being discussed is that an infection-induced immune response continues after the pathogen has been eradicated. This could explain why patients with confirmed eradication therapy failed to show improvement in short-term observations. Further studies of the immunological response to H. pylori and its role in the pathogenesis of systemic rheumatic diseases are warranted. We definitely need some new studies or experimental (animal) models to define exact mechanisms by which a H. pylori infection contributes to the systemic rheumatic diseases process because a direct association is still missing.
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Figure 1  Infection induced autoimmunity.
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Figure 2  Infection hypothesis of the pathogenesis of systemic sclerosis. CTGF: Connective tissue growth factor; TGF-: Transforming growth factor-.


Table 1  Possible role of Helicobacter pylori infection in the autoimmune systemic rheumatic diseases  n (%)


Disease�
Ref.�
Study sample�
Conclusion�
�
SS�
Aragona et al[27], 1999�
34 patients with primary SS�
27 (79.4) and 30 (88.2) had antibodies against H. pylori and its HSP60�
�
�
Showji et al[35], 1996�
7 patients with primary SS�
High titers of anti-H. pylori antibodies in sera of patients with SS compared with patients with other CTDs�
�
�
Theander et al[37], 2001�
164 patients with primary SS�
Similar H. pylori seroprevalence rates as in control group�
�
�
El Miedany et al[36], 2005�
36 patients with primary SS compared to 31 patients with secondary SS�
The prevalence of H. pylori infection was 80.6% (primary SS) and 71% (secondary SS)�
�
�
Iwai et al[49], 2009�
case report�
The regression of parotid MALT lymphoma after the eradication of H. pylori in SS patients�
�
RA�
Yamanishi et al[39], 2006�
6- to 8-wk-old female BALB/c mice �
B cells chronically stimulated with urease produced by H. pylori had the potential to generate  IgM rheumatoid factor�
�
�
Meron et al[43], 2010�
187 serum samples  from RA patients �
RA patients have a lower prevalence of H. pylori infection compared with patients with other CTDs�
�
�
Zentilin et al[45], 2002�
58 consecutive patients with dyspeptic symptoms and variable RA activity�
Clinical improvement in RA symptoms after eradication of H. pylori�
�
�
Matsukawa et al[47], 2005�
case report�
No clinical improvement in RA symptoms after eradication of H. pylori�
�
SLE�
Yamanishi et al[39], 2006�
6- to 8-wk-old female BALB/c mice �
Urease is capable to induce SLE-related autoantibodies in mice, namely anti-ssDNA�
�
�
Showji et al[35], 1996�
15 SLE patients�
SLE patients have lower anti-H. pylori serum antibody titers compared with patients with other CTDs�
�
�
Sawalha et al[40], 2004�
466 SLE patients and matched controls�
SLE patients were less likely to be seropositive compared to controls�
�
SSc�
Aragona et al[27], 1999�
16 SSc patients�
Higher incidence rates of serological evidence of H. pylori infection in SSc patients�
�
�
Hervé et al[30], 2006�
40 consecutive SSc patients�
No difference in H. pylori infection rates between SSc patients with Raynaud’s phenomenon compared with healthy controls�
�
�
Danese et al[31], 2000�
124 SSc patients (67 with limited cutaneous SSc, 57 with diffuse cutaneous SSc)�
90% of patients with SSc were infected with the virulent CagA strain compared with only 37% of the infected control subjects�
�
�
Radić et al[33], 2010�
42 SSc patients�
H. pylori infection is implicated in activity of SSc, especially in skin involvement of this disease�
�
SS: Sjögren’s syndrome; CTD: Connective tissue diseases; NHL: Non-Hodgkin's lymphoma; RA: Rheumatoid arthritis; SLE: Systemic lupus erythematosus; SSc: Systemic sclerosis; H. pylori: Helicobacter pylori; MALT: Mucosa associated lymphoid tissue.
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