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Abstract
The possibility of an infectious origin in inflammatory bowel disease (IBD) has been postulated since the first description of Crohn’s disease (CD). Many observations implicate bacteria as a trigger for the development of CD: lesions occur in regions with higher bacterial concentrations; aphthous ulcers occur in Peyer’s patches; inflammation resolves when the fecal stream is diverted and is reactivated following reinfusion of bowel contents; severity of the disease is correlated with bacterial density in the mucosa; granulomas can contain bacteria; and susceptible mice raised in germ-free conditions develop inflammation when bacteria are introduced in the 1990’s, several studies sought to establish a relationship with viral infections and the onset of IBD, finally concluding that no direct link had been demonstrated. In the past fifteen years, evidence relating IBD pathogenesis to Mycobacterium avium paratuberculosis, salmonella, campylobacter, etc., has been found. The tendency now under discussion to regard microbiota as the primary catalyst has led to the latest studies on microbiota as pathogens, focusing on E. coli, mainly in ileal CD. The present review discusses the literature available on these “bugs”.
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Core tip: The possibility of an infectious origin in Inflammatory Bowel Disease (IBD) has been postulated since the first description of Crohn’s disease (CD). Many observations implicate bacteria as a trigger for the development of CD, and have tried to do so with virus. Inconclusive evidence relating IBD pathogenesis to Mycobacterium avium paratuberculosis, salmonella, campylobacter, etc., has been found. The tendency now under discussion to regard microbiota as the primary catalyst, has led to the latest studies on microbiota as pathogens, focusing on E. coli, mainly in ileal CD. The present review discusses the literature available on these “bugs”.
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INTRODUCTION

Inflammatory bowel diseases (IBD), mainly Crohn’s disease (CD) and ulcerative colitis (UC), are chronic inflammatory disorders of the gastrointestinal tract[1]. Extensive studies in the past decades have suggested that the etiology of IBD involves environmental and genetic factors that lead to dysfunction of the epithelial barrier with consequent deregulation of the mucosal immune system and responses to gut microbiota[2].

Genome-wide association studies have shown that many genes correlate with the development of CD and UC, although not every individual presenting genetic abnormalities will develop the disease. Other factors, such as environmental triggers must play a role[3]. Dietary alterations in the Western populations have resulted in a shift in the composite gut microbiota. Colonic bacteria have a metabolic function, with a symbiotic relationship with human beings[4]. Gut microbiota, which outnumber human cells by nearly ten-fold and contain more than one million genes[4,5], have been shown to play an important role in complex disorders such as IBD. Historical animal models of CD initiated granulomatous change in both mice and rabbits by infiltrating healthy animal tissue with human Crohn’s tissue[6-8]. Work with animals has demonstrated the ability of an organism to induce colitis in immunodeficient but not immunocompetent mice[9]. This highlights the importance of genetics, and underlines the need to understand the hosts’ conditions, and might explain why studies have previously been unable to find a specific pathogen[4].

As mentioned, IBD is thought to be the result of a combination of genetic predisposition interacting with environmental factors that modify the gut microbiota[3]. One of the explanations for the onset of IBD suggests a three-step scenario, in which bacteria penetrate the epithelial barrier, provoking a weak inflammatory response with impaired clearance, which in turn causes chronic inflammation, culminating in IBD[10]. 

It has become evident that IBD patients show an intestinal dysbiosis, with a decrease in the number of potentially beneficial bacteria such as Bifidobacteria, Lactobacilli and Firmicutes, and an increase in that of putative pathogenic bacteria such as Escherichia coli and other Enterobacteriae[11,12]. Whether gut microbiota are responsible for the onset of IBD or a mere consequence of pathogenic microbial enteric-wall invasion, remains to be elucidated.

Over the years, many organisms have been proposed as etiological agents for IBD, to the extent of suggesting that CD, for example, is a manifestation of chronic mycobacterial infection[13-18] or E. coli adherence and invasion[19-23]. Many observations implicate bacteria as a trigger for the development of CD: lesions occur in regions with the highest bacterial concentrations; aphthous ulcers, the earliest lesion in CD, occur in Peyer’s patches, the site of bacterial sampling; inflammation resolves when the faecal stream is diverted and is reactivated following reinfusion of bowel contents[24]; severity of the disease is correlated with bacterial density in the mucosa; granulomas contain bacteria; and susceptible mice raised in germ-free conditions only develop inflammation when non-pathogenic bacteria are introduced[24-26]. 
The possibility of an infectious origin in IBD has been postulated since Dalziel’s first description of CD in 1913. He compared CD with Johne’s disease in cattle, caused by Mycobacterium Avium Paratuberculosis[4]. Many studies have tried to find a germ that is responsible for IBD. The most recent papers focus on E. coli, especially in ileal CD, but there is literature for and against several bacteria (mycobacterias, helicobacters, campylobacter, etc.) and viruses (Ebstein-Barr virus, Cytomegalovirus, paramyxoviruses, etc.), as causative agents (Table 1). In this article, we will summarize the conclusions regarding these agents found in the medical literature.

ROLE OF BACTERIA IN THE ETIOLOGY OF IBD
Adherent-invasive escherichia coli
E. coli is the predominant aerobic Gram negative species of the normal intestinal flora, where it plays an important role in promoting the stability of the intestinal microbial flora and in maintaining the normal intestinal physiology. By acquisition of virulence factors, such as production of enterotoxins and cytotoxins, tissue invasion, and adherence to enterocytes, E. coli strains become pathogenic and become involved in intestinal diseases[27].

Interest in Escherichia coli as a pathogen in IBD began with the observation that organisms isolated from patients with CD had greater adherent properties to human cells than those from controls, and that previously unrecognized invasive E. coli were present in Crohn’s ileal tissue[4,19,25].  

Higher E. coli antibody titres and E. coli antigens have been found in the blood and resection specimens, respectively, of CD patients[28,29]. In Darfeuille-Michaud’s study, E. coli was recovered from 65% of chronic lesions in resected ileum, and 100% of biopsies of early lesions, in postoperative endoscopic recurrence. 

As mentioned, E. coli form a major component of the normal microflora of the gut. However, the E. coli prevalent in CD tissue was shown to have unique adherent and invasive properties, which enabled it to adhere to intestinal epithelial cells (IECs), invade the epithelial layer, and replicate within both IEC and macrophages[30]. These properties were used to designate it as a specific type of E. coli, adherent-invasive E. coli [Adherent-invasive escherichia coli (AIEC)]. 
Studies on the adherence properties of E. coli have concluded that E. coli strains are able to adhere to various human cells or cell lines. 53%-62% of E. coli strains isolated from feces of CD were able to adhere to buccal cells, compared to only 5%-6% of those isolated from control subjects. A correlation between bacterial adhesion to intestinal cells and intestinal colonization has been observed. The presence of high levels of bacteria creates a biofilm on the surface of the gut mucosa in patients with CD and UC[31,32].

Analysis of E. coli strains isolated from early and chronic ileal lesions of patients with CD has revealed the presence of true invasive pathogens. Electron-microscopy of epithelial cells infected with CD-associated bacteria has revealed a macropinocytosis-like process of entry. Inside the host cells, CD-associated bacteria survive and replicate in the cytoplasm after lysis of the endocytic vacuole[26,31]. Glasser et al[21] demonstrated that AIEC was able to survive and replicate in macrophages, without inducing host cells and stimulating the infected cells to release high levels of TNF-α.
Genetically related E. coli strains were shown to adhere and invade the intestinal wall in susceptible hosts[22]. These strains expressed type 1 pili, which presented point mutations, with amino acid substitutions in the type 1 pili FimH adhesion subunit, which contributed to the AIEC adhesion to the Carninoembryonic antigen-related cell adhesion molecule 6 receptors (CEACAM6 receptor) in the IEC. In contrast to non-AIEC isolates, AIEC isolates tended to carry FimH hotspot mutations that were of recent evolutionary origin and could be signatures of pathoadaptive mutations[30,33]. 

B2 and D E. coli strains are more frequently pathogenic, causing urinary tract and other extraintestinal infections. AIEC isolated from CD patients were generally found to belong to the B2 and D phylotypes. This suggested that these isolates take advantage of a specific micro-environment found in the IBD gut[33-35].

AIEC genome sequencing revealed its similarity to uropathogenic E. coli (UPEC)[36]. Phylogenetic analysis of fimH sequences delineated a tight S70/N78 clade containing LF82, the reference strain for AIEC. Interestingly, UPEC and avian pathogenic E. coli were also found in the S70/N78 clade. As Dreux et al[33] remarked in their paper, this presence raises the possibility that IBD-isolated E. coli are members of a general pool of extraintestinal pathogenic E. coli that reside in the gut and have evolved specific potentialities dependent upon their microenvironment. 

The Darfeuille-Michaud group highlighted potential pathological mechanisms for AIEC in CD: AIEC express type 1 pili which enables binding to CEACAM6 receptors that are increased in the ileal mucosa of CD patients; in ileal intestinal epithelial cells from CD patients, strong expression of the endoplasmic reticulum stress protein Gp96 facilitates invasion via recognition of the bacterial outer membrane protein OmpA of AIEC[37]; AIEC carriage of the long polar fimbriae (lpf) virulence gene promotes translocation of the bacteria across Peyer’s patches[38]; and CD-associated mutations in autophagy genes enhance intracellular replication of AIEC[39]. AIEC have also been shown to induce the release of TNFα, a key cytokine in IBD inflammation. They survive and replicate inside macrophages inducing the release of large amounts of TNFα and motivating granuloma formation in vitro[21,40]. Recently, infection with AIEC was proven to up-regulate microRNAs (30C and MIR130A) to reduce expression of proteins required for autophagy (ATG5 and ATG16L1) and autophagy response in intestinal epithelial cells. In ileal samples from CD patients, these same microRNAs are augmented and the levels of ATG5 and ATG16L1 diminished[1].

Although AIEC has clearly been related to IBD, whether it is a single etiological invader or just the instigator is not clear. Chassaing et al[41] observed that T5KO mice, in early stages of microbiota development inoculated with AIEC, developed colitis that persisted beyond the period in which AIEC could be detected in feces. They observed that AIEC transient colonization altered the gut microbiota of the T5KO mice (not the wild type), by reducing its diversity, which resulted in greater levels of lipopolysaccharides and flagellin that gave the microbiota inherently greater proinflammatory potential, which was responsible for the development of chronic colitis in susceptible hosts. Therefore, the authors concluded from the findings that, in a genetically susceptible host, the presence of a pathobiont (as was AIEC in this case) in a developing microbiota, could result in lasting changes in microbiota composition that might eventuate in chronic inflammation[41]. The question that arises from this excellent study is if the AIEC was not detectable in faeces because it had been cleared or because it was caught in the macrophages and could not be detected.

Regarding urine infections from E. coli, fimH mutations were shown to confer significant advantages upon bacteria during bladder colonization in a murine model and to correlate with extraintestinal virulence of E. coli. In UPEC, blocking the binding of FimH to its natural receptor prevents bacterial colonization and subsequent inflammation of the urinary tract. Preventive treatments have been developed for UPEC infections: vaccines targeting FimH, mannoside compounds or biarylmannose-derivative FimH antagonists. Similar therapeutic strategies could be useful for preventing AIEC colonization in CD patients[33].

Organisms such as E. coli and Salmonellae that express the FimH protein of type 1 pilli have been shown to bind to M cells (microfold cells that overlie Peyer’s patches in the intestine and lymphoid follicles in the colon) by interaction between FimH and glycoprotein 2 (GP2), expressed on the apical plasma membrane of M cells; possession of FimH is essential for invasion of M cells by these organisms to occur[42]. It has also been demonstrated that the same GP2 protein is the epitope for the “anti-pancreatic” antibody found in CD sera[43]. This raises the possibility that a combination of bacterial components, including FimH, linked to GP2, may be presented as a foreign antigen and thus lead to development of anti-GP2 antibodies, in a way analogous to the development of anti-tissue transglutaminase antibodies in celiac disease. As Friswell et al[44] highlight in their review of the role of bacteria in the pathogenesis of IBD, blockade of bacterial entry via M cells represents an important target for therapies. In a very recent paper[45], certain isolates of E. coli have been shown to be related both with colorectal cancer and IBD. The authors suggest that interventions that either reduce colonization by diffusely adherent E. coli or block their interaction with the mucosa may have preventive or therapeutic effects in colon cancer and CD.

Mycobacterium avium paratuberculosis
Mycobacterium avium subspecies paratuberculosis is an obligate pathogenic organism that causes Johne’s disease[44] in ruminants and other animals such as primates and rabbits. Johne’s disease is a chronic wasting diarrheal disease[18] with clinical and histological conditions that are highly evocative of CD[46].  Like in CD, Mycobacterium avium paratuberculosis (MAP) infection causes segmental and fibrosing stenosis, as well as epithelial granulomata[47]. The link between CD and MAP was first postulated by Dalziel in 1913, before Crohn’s classic description of CD, when he noted the similarities with Johne’s disease. 

MAP is historically considered not to be zoonotic, although case reports of infected human beings, with clinically relevant illness, have been published. Humans worldwide are highly exposed to MAP. MAP has been cultured from pasteurized milk, chlorinated potable water, meat products, breast milk from mothers with CD, and from the blood of IBD patients[46,48] and controls.

MAP is quite difficult to culture; it may be present in the cell-wall-deficient form (spheroplasts) and appear negative with Ziehl-Nielsen stain. Under appropriate culture conditions and over a prolonged period (weeks to years), these bacteria produce cell wall and become Ziehl-Nielsen positive. MAP lacks the iron-chelating agent mycobactin, so the infected host or the culture medium must provide the iron for it to grow. Detection of MAP DNA or RNA using PCR is generally preferred because of the shorter time scale and the increased sensitivity of the technique. Early PCR methods have been questioned because of the similarity of the primers for MAP to other non-MAP-mycobacterium which lead to false positives. An IS900-PCR method that gives more reliable results is currently used. The flaws of the technique, as Greenstein points out, reside in the fact that, in the process of isolating the nucleus to obtain DNA, MAP DNA can be inadvertently removed if it is in the cytoplasm of the infected host (where MAP replicates) and that the presence of MAP DNA is not proof that MAP causes IBD, for it may have coincidentally been ingested without causing infection[18]. According to Greenstein, isolation of MAP RNA indicates that the organism was viable at the time of isolation; it is a technique that is easy to reproduce due to the smaller size of the RNA with respect to DNA, although the half-life of RNA is short (minutes) while DNA may survive for centuries.

In Naser’s series[49], MAP was cultured from blood in up to 50% of CD patients and 22% of UC patients, but no control patients. In Mendoza et al’s study using CD, UC and controls, MAP DNA was detected in all blood samples. No mycobacterial growth was observed using BACTEC MGTI cultures, but all of the 18-mo cultures from CD patients were positive by phenolic acridine orange staining, which suggested the presence of spheroplasts[15]. All the CD patients and one of the UC patients were observed to have cell-wall-deficient forms, but none of the non-IBD controls contained them.

Two studies carried out in the north of Spain have analyzed the MAP DNA, using IS900 nested PCR, in the blood of IBD and adult control patients. A higher prevalence of MAP infection was observed in healthy individuals than in IBD patients. Elguezabal et al[46] found a prevalence of 45.2% MAP DNA in the blood of healthy controls, compared to 21.38% and 19.04% in CD and UC patients respectively. The authors attributed the difference to therapy, as did Juste et al[48], who found an even bigger difference between healthy controls (47% MAP DNA in blood) and IBD (16%). Juste et al[48] found that 17% of the patients receiving mesalamine, 6% of those taking sulfasalazine, and none of the ones taking methotrexate, mercaptopurine, ciprofloxacin or tacrolimus had MAP DNA detectable in blood; no difference was observed with azathioprine or steroids. 

Contrary to the previous finding of a higher MAP DNA prevalence in controls, Kirkwood et al[50] found more MAP IS900 DNA and live MAP (culture of gut biopsies) in naïve pediatric CD patients than in non-IBD. The non-IBD patients had lower levels of mucosal IS900 DNA, no MAP in tissue culture and no DNA in blood. The distinguishing characteristic of this study is that the CD patients were naïve, and, therefore, had not received IBD treatment and the disease had not yet evolved. 
Another study by Greenstein’s group, performed in 1996 in resected intestinal tissue, found RNA of MAP in 100% of the cases. They concluded that, analogous to other mycobacterial infections, such as lepra and tuberculosis, which have different presentations depending on the host’s genetic predisposition and immunological state, CD could be secondary to MAP and have two distinct presentations: fistulising and stenosing[51].

An alternative way to study the link between MAP and CD is to assess whether the CD patients have MAP antibodies that react to MAP antigens. Meta-analyses have shown reactivity in CD patients’ sera, to MAP p35 and p36 recombinant antigens. However, it should be noted that MAP p35 and p36 are similar to that of Mycobacterium avium, subspecies avium [MAA], so a specific reaction to MAP rather than MAA cannot be certain[44]. An increased presence of MAP-reactive T cells has also been found in CD patients but not in controls[52].

CD patients show increased levels of antibodies against saccharomyces cerevisiae (ASCA), the epitope of which is a mannose which is present in yeast walls. Studies have demonstrated that not only is MAP a possible source for the ASCA mannan epitope, but also that MAP release a mannose-containing glycoconjugate that impairs the in vitro ability of monocyte-derived macrophages to kill phagocytosed E. coli. Therefore, as Friswell suggests, MAP might be acting via an indirect pathogenic effect, which would explain its role in pathogenesis and yet not be greatly exacerbated by anti-TNF treatment[44,53]. ASCA may develop a long time before the diagnosis of CD is established. ASCA have a genetically modulated expression, found in 20%-25% of the relatives of CD patients, and not in their spouses[54].

Several studies highlight how genetic alterations found in CD can favor MAP infection. Ferwerda et al[55] demonstrated that NOD2 mutant patients show an ineffective recognition of MAP. Hansen et al’s review explains that Gutierrez et al showed that defective ATG16L1 function (which is found in CD patients) avoids Mycobacterium tuberculosis inhibition in macrophages, supporting the idea of a Mycobacterial pathogen in IBD[4,56]. Finally, Sechi et al found a relationship between CD, MAP infection and SLC11A1 gene polymorphisms[57].

One of the puzzling aspects of MAP as a causative agent was that IBD treatments were not worsening a possible MAP infection. To answer this question, Greenstein’s group published several studies in which they demonstrated that numerous IBD-drugs inhibited MAP growth in vitro: 5-ASA, mercaptopurine, methotrexate, cyclosporine, rapamycine and tacrolimus, most acting in a dose-dependent manner. The authors suggested that the medical profession had been treating MAP infections mistakenly since the introduction of sulfasalazine in 1942. This is supported by results like Juste’s et al’s, in which no DNA is found in peripheral blood of IBD patients treated with immunosupresants.

An argument against MAP being clinically relevant in IBD is that antibiotic treatment does not cure IBD. The authors who favor MAP as causative agent remark that most IBD antibiotic regimens are not fully effective for MAP and that good MAP treatments need to include macrolides, should include triple or cuadruple therapies, or should be sustained for very long periods of time, as is done in tuberculosis treatment. Several long-term regimens have been performed, showing initial improvement, with steroid weaning, but concluding that the benefit is not sustained[58,59]. A two-year combination antibiotic therapy with clarithromycin, rifabutin, and clofazimine for CD was used in a study performed in Australia, in which significant improvement up to week 16 was observed, although subsequent follow-up results were not conclusive. However, correspondence in a Gastroenterology Journal in 2007 pointed out that less benefit was obtained with other IBD therapies and that none achieved uniform long-term sustained remission.

Greenstein and his group have frequently stated that MAP has met Koch’s four postulates, i.e., it is found in tissue of CD patients, can be cultured, can reproduce the disease when inoculated into other animals and can be re-isolated from the diseased subject. A paper by Momotani, among others, supported this idea by proving that MAP could cause CD-type necrotizing colitis in mice. However, as we have previously seen, MAP DNA can also be found in healthy controls, sometimes in higher proportions than in IBD patients. Whether this is a consequence of exposure and not infection, or if IBD treatment inhibits MAP but does not clear it up, or if MAP acts as a co-causative agent by impairing killing of bacteria, such as E. coli, all remain to be elucidated. 

Helicobacter pylori
Several studies have postulated that Helicobacter pylori (HP) infection has a protective role against chronic inflammatory diseases, like IBD. These studies based their statements on the laboratory results that proved that HP could induce immune tolerance, limiting the inflammatory response[60]. Some preliminary studies suggested that patients infected with HP probably had less risk of developing IBD than the rest of the general population. The mechanisms for decreased prevalence of HP in IBD were not ascertained[61].
In 2001, Väre et al[62] published a study with 296 patients: 185 had UC, 94 CD and 17 had indeterminate colitis (IC). HP antibodies were determined. The results confirmed the low prevalence of HP infection, especially in CD patients. Age of onset of IBD was higher in seropositive (mean 40 years) than in seronegative patients. The age of onset of IBD showed unimodal distribution in H. pylori seronegative patients, with a peak between 30 and 40 years. In contrast, H. pylori seropositive patients showed a clear bimodal pattern with peaks at 20-40 and 50-60 years of age. The results suggested that HP could significantly modify the appearance of IBD, perhaps with a protective effect[62]. 
In 2010, Luther et al[60] carried out an extensive review of the papers published on HP, as well as a meta-analysis that evaluated the possible relationship between IBD and the presence or lack of HP infection. Five Thousand and ninety-three patients were evaluated. Twenty-seven percent of the IBD patients had HP infection, in comparison to 40% of the control group, with an estimated relative risk of infection of 0.64%. These results could suggest a protective role, but the authors emphasized that the heterogeneity in the studies included could not be accounted for by the method of IBD and H. pylori diagnosis, study location, or study population age, which limited the value of the results[60].

In 2011, the same authors published a study that tried to clarify the mechanism responsible for the inverse association of HP and IBD. The authors first assumed the postulate that bacterial DNA in distal intestine could influence mucosal immunity. Several papers have documented that HP DNA can be found both in the colon and feces of infected patients. The authors demonstrated that, contrary to what DNA from other bacteria such as E. coli do, which induce an inflammatory response from dendritic cells in vitro, HP DNA is unable to induce inflammatory reaction. On the other hand, it is capable of inhibiting the production of proinflammatory cytokines of the murine or human cells in vitro. They also demonstrated that HP infected patients have lower systemic levels of type I IFN, in comparison to uninfected patients. The authors concluded that the inverse correlation between IBD and HP, observed in epidemiological studies, could be partially explained by HP DNA’s capacity to reduce type I IFN[61].

More recently, in 2012 Sonenberg et al[63,64], carried out a study in which they performed upper and lower endoscopy (on the same day) to a large sample of patients. Biopsies obtained in the upper endoscopy were examined for esophagitis, gastritis and HP infection. Biopsies obtained from colonoscopy were scrutinized for UC, CD and IC. IBD was identified in 1061 patients (1.6%), and the rest was used as control group. The analysis showed an inverse relationship between HP and IBD, both for UC and CD. On the other hand, a positive relationship was found between HP-negative chronic gastritis and IBD[63,64].

Data obtained in the different types of studies performed to date (epidemiological, clinical and experimental) suggest that HP infection reduces the risk of developing IBD, by producing a protective effect that hinders the appearance of IBD. Case reports and epidemiological studies have observed that IBD may appear quickly after HP eradication, possibly due to a shift in the Th pattern. However, other studies have exposed that this lower prevalence of HP in IBD might be secondary to HP “spontaneous eradication” with 5-ASA or antibiotic treatment[65]. 
Other Helicobacter species, like Helicobacter hepaticus, have shown their capability of inducing colitis in animals, mainly in immunocompromised ones. Studies need to be done to see if the same effect is seen in humans[9,66,67]. 
Clostridium difficile
Clostridium difficile (C. Difficile) is a gram positive anaerobic bacillus that forms spores and produces toxins, which can cause different degrees of intestinal disease. Classically, it has been considered a cause of colitis related to the use of antibiotics and of nosocomial diarrhea. In the last decades, its incidence has greatly increased. Nowadays, 20%-30% of antibiotic-related diarrheas and up to 50%-70% of the antibiotic-related colitis are considered to be due to C. Difficile infection. A similar increase in the incidence of C. Difficile infection in IBD has been documented. Up to 10% of the IBD patients will develop C. Difficile infection at some point. IBD patients probably have a higher risk of infections due to increased antibiotic use and the consequent creation of a favorable environment for colonization, although in 40% of the cases in IBD patients, it can appear without previous use of antibiotic. Possible complications in these patients include colectomy and death. However, there are no conclusive data in the medical literature to support the idea of the bacteria as a cause of onset or reactivation of IBD, which could be merely a consequence of the existing inflammatory status[68,69].

As mentioned, many studies have observed an increased risk of C. Difficile infection in IBD, which may be due to a variety of factors that include the altered nutritional and immunological state, repeated hospitalizations, frequent and recurrent use of antibiotics and immunomodulators and even genetic predisposition. Although C. Difficile may not be a causative agent, it can produce superimposed colitis or induce reactivation, and, therefore, is nowadays considered a risk factor of exacerbations.  

In 2013, Nitzan et al[70] published an extensive review regarding the role of C. Difficile in the pathogenesis of IBD, as well as its implications with respect to diagnosis and treatment. The review embraces the different risk factors, clinical characteristics of the infection in IBD, special aspects of its presentation, diagnosis and treatment in IBD. The authors emphasize the necessary suspicion of diagnosis, recommending screening in every IBD patient hospitalized for a flare, as well as early treatment, especially in severe cases. They conclude that Clostridium Difficile most likely plays a role in the pathogenesis of exacerbations, although probably not in the development of IBD itself[70].

Campylobacter and salmonella
A recent study by Jess et al. analyzed the incidence of CD and UC in patients with positive and negative fecal Salmonella and Campylobacter tests, as well as the incidence of positive and negative cultures in those already diagnosed with IBD. To do so, the researchers analyzed the patients that had been included in the Danish national register in the previous 15 years, who had a positive or negative stool test for Salmonella and Campylobacter, and patients diagnosed with IBD[71]. Statistical analysis showed that the risk of developing IBD is relatively high (relative risk of 5.4-9.8) the first year after a positive fecal test for Salmonella or Campylobacter. It remains moderately high up to 10 years after the positive test (RR 1.6-2.2) and becomes low after 10 years (0.8-1.8).

However, the first year after a negative stool test the relative risk of IBD was also high, and a decreasing incidence pattern over time was parallel to that following positive test results. 
The risk of having IBD substantially increases, not only after an infection with Salmonella or Campylobacter, but also, and even more so, after a patient has a negative stool test. After 10 years of positive results, the relative risk of developing IBD is reduced to 1, but the risk remains quite high 10 years after having a stool test, in the case that the test had been negative. During the first year after a first hospitalization for IBD, the risk of a negative test is high and remains high. 

In conclusion, the study confirmed the previous results of a higher risk of IBD after Salmonella or Campylobacter infection[72], but it revealed that the risk is perhaps surprisingly more pronounced after a negative stool test. These results might suggest that the risk which had previously been attributed to Salmonella and Campylobacter gastroenteritis could in fact be due to the fact that more tests are carried out, rather than to a casual effect.

ROLE OF VIRUSES IN THE ETIOLOGY OF IBD
The role of the different viruses in the pathogenesis of IBD is still not well understood. Two theories, based on many epidemiological studies with contradictory results, have been proposed to explain the relationship between viral infections and the development of IBD, which, in part, may be mutually exclusive. The first theory suggests that certain infections that occur during infancy may predispose to the appearance of IBD. The second theory points to the absence of infections in infancy and the lack of contact with certain antigens as the cause of subsequent intestinal inflammation (Hygiene Theory).

An example that supports infections as a risk factor is found in Ekbom’s case-control study, carried out in 1990 to determine the potential role of infections during infancy in the pathogenesis of IBD[73]. Analysis of perinatal events and risk of CD found postnatal infections to be the factor that was associated most strongly, both in the univariant analysis (OR 9.5) and the multivariant (OR 5.5). On the other hand, the fact that IBD appears more frequently in developed countries or in people who migrate from undeveloped to developed countries sustains the hygiene theory as the main etiological factor.

Measles
The possible role of the measles virus was strengthened in the 1990’s by the epidemiological studies that showed the incidence of CD, which was higher than expected, in children that had been born in the three months after measles outbreaks[74,75]. These studies observed that the virus was capable of producing an inflammatory reaction in the mesenteric endothelium that was quite similar to the one found in CD[75-77]. This finding stimulated the performance of numerous observational studies, which analyzed the relationship between measles infection or vaccination and the development of IBD. The studies, which in general were case-control or cohort, obtained heterogeneous results[78-85]. Some had limitations in data gathering and do not enable confirmation of an epidemiological relationship between measles virus and IBD.

A reasonable argument against the relationship between measles and IBD could be the increasing incidence of CD despite the progressive reduction of the measles virus infection. The increase could be due to a change in the virulence factors of the microorganism, as a consequence of widespread vaccination. The question arose if the effect of the attenuated vaccine was responsible for the increase in CD incidence, but again no relationship was found[79,81].

Several later attempts to isolate virus in tissue or blood with more specific techniques were unsuccessful[86]; the possibility of immunological cross reaction between intestinal or viral antigens was also discarded[87-89]. Consequently, since the minimum data necessary to establish a causal biological relationship has not been attained, the implication of the measles virus or its vaccine[90] in the pathogenesis of IBD is uncertain.

Mumps (parotiditis)
Similarly, during the same period of time, the hypothesis of the parotiditis virus as a pathogenic agent in IBD was proposed. Several studies were published evaluating the epidemiological association between mumps infection and IBD, both alone or with measles co-infection. Although some identified a higher IBD risk[91,92], viral parts were not isolated from intestinal tissue[93] and the direct link with IBD could not be established. While it was suggested that the immunological response to the virus might be involved in the process of IBD presentation, as was observed with the measles virus, no concluding evidence was found[94].
Citomegalovirus
The role of Citomegalovirus (CMV) as an infectious agent that can reactivate underlying inflammatory disease has been accepted[95]. However, there is no proof of a CMV effect on the pathogenesis. Despite the association between the intensity of expression in the intestinal mucosa and the severity of the IBD inflammation, viral replication was also found in healthy mucosa[96]. A higher CMV infection rate was not observed in the IBD population with respect to the general population[97].
Virus de Epstein-Barr
Interest in a potential etiopathogenic role of Virus de Epstein-Barr (VEB) in IBD arose when an increased number of B lymphocytes infected with VEB was found in mucosal samples from UC colons, and, to a lesser degree, in CD samples[98]. Epidemiological data indicate that frequency of infection is similar in IBD patients and healthy controls, both approximately 100%[99]. The intensity of replication has been related to increased bowel inflammation[100] and to serious complications such as lymphomas[95,101]. Therefore, as with CMV, a modulating function, rather than an etiological implication, was determined.
CONCLUSION

The significant role of microorganisms in the pathogenesis of IBD seems apparent, although it is complex. Whether it is one pathogenic germ or more than one in unison with the gut microbiota as helper, main character or observer needs to be elucidated. Clinical suspicion, now widely supported by genetic and molecular studies, points to altered autophagy that may favor intracellular germs that trigger a cascade of events that produce the onset of IBD in predisposed individuals. Studies now implicating AIEC as pivotal in CD, mainly ileal CD, raise the question of if we have been discarding one of the main players, E. coli, as crucial because it was considered microbiota, without understanding its more adherent and invasive particularities in IBD patients and if the same is the case with other intestinal “bugs”. Or is CD caused, as happens with MAP, by chronic exposure to a slow-acting germ? Or are we simply in a “bacteria era” which will pass, as did the “virus era”, when more information is obtained and understood regarding the pathogenesis of CD? Many questions remain. Understanding the interaction of several germs together, as seen with E. coli and MAP, which may, in conjunction favor IBD, or with HP, which may keep the balance away from IBD, might clarify the base of this complex disorder.
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	Microorganism
	Main features

	
	

	Bacteria
	

	Adherent-invasive Escherichia coli 
	The AIEC has adherente and invasive properties. They are found in macrophages of ileal CD tissue. It adheres with a type 1 pili to CEACAM6 receptors (increased in ileal tissue). Invasion is facilitated by endomasplic reticulum expresion of Gp96. AIEC promotes translocation of bacteria and stimulates TNF production, promoting granuloma formation. CD mutations enhance intracellular replication. AIEC is very similar to the urologic UPEC.

	Mycobacterium avium paratuberculosis
	MAP causes CD-like disease in animals. It has been found un blood and intestinal tissue of CD patients, mainly in spheroplast form (cell-wall deficient form which may take up to 18 mo to culture in special stains). Blood MAP DNA has been found in higher levels in controls, as a sign of exposure in the general population and maybe due to the treatment IBD patients receive, which has been shown to inhibit MAP. MAP antibodies have been found in IBD sera. MAP is a source for ASCA. In vitro, MAP impair macrophages to kill E. coli. Several CD genetic alterations can favor MAP infection

	H. pylori
	Epidemiological studies have observed an inverse correlation between IBD and HP, that cannot only be explained by coincidence or by previous antibiotic treatment. It has been shown that HP’s DNA has the capacity to reduce type I IFN.

	C. difficile
	Up to 10% of the IBD patients will develop C. difficile infections, 40% of them without having had previous antibiotic treatment. It is considered a risk factor for exacerbations and should be screened in every IBD patient hospitalized for a flare.

	Campylobacter and Salmonella
	The risk of IBD after a Campylobacter or Salmonella positive test is high, but it is also high if a stool test has been done and it was negative, suggesting that IBD patients undergo stool tests in the years before diagnosis.

	
	

	Virus
	

	Measles and Mumps
	Implication of these virus and their vaccines in the pathogenesis is uncertain, specially with respect to measles.

	Rubella
	No relationship has been found.

	Cytomegalovirus
	It reactivates underlying inflammatory disease. The intensity in which CMV is expressed in the intestinal mucosa relates to the severity of the inflammation.

	Epstein-Barr Virus
	Like CMV, it has a modulating function, not an ethiological implication.


AIEC: Adherent-invasive Escherichia coli; MAP: Mycobacterium avium paratuberculosis; IBD: Inflammatory bowel disease; CD: Crohn’s disease; ASCA: Antibodies against saccharomyces cerevisiae; CMV: Cytomegalovirus.

