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Abstract
Irritable Bowel Syndrome (IBS) is a commonly encountered chronic functional gastrointestinal (GI) disorder. Approximately 10% of IBS patients can trace the onset of their symptoms to a previous a bout of infectious dysentery. The appearance of new IBS symptoms following an infectious event is defined as post-infectious-IBS. Indeed, with the World Health Organization estimating between 2 and 4 billion cases annually, infectious diarrheal disease represents an incredible international healthcare burden. Additionally, compounding evidence suggests many commonly encountered enteropathogens as unique triggers behind IBS symptom generation and underlying pathophysiological features. A growing body of work provides evidence supporting a role for pathogen-mediated modifications in the resident intestinal microbiota, epithelial barrier integrity, effector cell functions, and innate and adaptive immune features, all proposed physiological manifestations that can underlie GI abnormalities in IBS. Enteric pathogens must employ a vast array of machinery to evade host protective immune mechanisms, and illicit successful infections. Consequently, the impact of infectious events on host physiology can be multidimensional in terms of anatomical location, functional scope, and duration. This review offers a unique discussion of the mechanisms employed by many commonly encountered enteric pathogens that cause acute disease, but may also lead to the establishment of chronic GI dysfunction compatible with IBS. 
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Core tip: This review discusses the long-term consequences of acute enteric infections that may serve to trigger post-infectious irritable bowel syndrome, a routinely diagnosed disorder. This unique discussion elucidates novel initiation mechanisms, underlying pathophysiological features of post-infectious irritable bowel syndrome, employed by commonly encountered enteric pathogens.
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INTRODUCTION
Irritable bowel syndrome (IBS) is among the most commonly encountered chronic functional gastrointestinal (GI) disorders afflicting individuals in westernized nations. Based on the Rome III criteria abdominal pain accompanied by sustained changes in bowel habit constitute IBS, whose diagnosis is achieved in the absence of biochemical markers of disease[1]. Clinical presentation of constipation, diarrhea, or a combination, constitutes the different subtypes of IBS: IBS-C, IBS-D, IBS-M, respectively[2]. Often perceived as a female-dominant disorder, IBS is thought to afflict between 5%-10% of the population [3], especially in westernized nations. Elucidating the mechanisms underlying the typical multifaceted clinical presentation of IBS is a topic of considerable research efforts in the medical community[4]. A growing body of evidence implicates numerous triggering events in contributing to IBS pathophysiology, including an initiating bout of infectious enteritis, low grade inflammation, altered functionalities in GI cell types, increases in epithelial permeability, and alterations in the GI microbiota, although the precise mechanisms of underlying each remain obscure[2,5-8]. Approximately 10% of IBS patients believe that their symptoms began following a bout of infectious dysentery[6], leading to the coinage of the term; Post infectious (Pi)- IBS. While many enteric pathogens cause self-limiting, acute diarrheal disease, subsequent chronic physiological consequences may persist in some individuals[9]. Many commonly encountered enteric pathogens can produce physiological changes that may provide important initiation mechanisms underlying chronic GI conditions, such as post-infectious (Pi)-IBS. This article critically reviews the evidence supporting a role for key physiological changes initiated during enteric infection, that may in turn be responsible for IBS symptom. 

Post infectious-IBS
Based on the Rome criteria for diagnosis, any onset of new IBS symptoms subsequently following an infectious event is defined as Pi-IBS [6]. Pi-IBS cases often exhibit characteristics of the diarrheal IBS subtype (IBS-D), and can occur in 4%-31% of patients following acute gastroenteritis[6,10-12]. A large body of work provides evidence supporting a role for pathogen-mediated modifications in the resident intestinal microbiota, epithelial barrier integrity, enterochromaffin cell function, and innate immune features[5,13,14] in Pi-IBS manifestation. Any number of these pathogenic consequences have been reported following enteric infection incited by an array of pathogens such as Shigella spp., pathogenic Escherichia coli, Salmonella, Campylobacter jejuni, and Giardia duodenalis[14-18]. Enteric pathogens must employ a vast array of machinery to evade the host protective immune mechanisms, and illicit successful infections. Recent work identifying genetic mutations, namely in genes responsible for epithelial and innate immune functionalities, in patients experiencing both the post-infectious, and traditional forms of IBS, point to defects in innate immunity and epithelial homeostasis as an important risk factor for IBS susceptibility[19,20]. The impact of infectious events on host physiology can be multidimensional in terms of anatomical location, functional scope, and duration. Indeed, anatomical, immunological, and neurological dysfunctions, or combinations of such, have all been shown as risk factors determining Pi-IBS manifestation. This review will provide an in-depth discussion surrounding the potential roles in which a variety of commonly encountered enteric pathogens may play in initiating important pathophysiological features of Pi-IBS.

CLINICAL PRESENTATIONS OF IBS FOLLOWING ENTERIC INFECTION: ALTERED INTESTINAL MOTILITY AND HYPERSENSITIVITY
Abnormal bowel habits and abdominal hypersensitivity, or reduced threshold of pain, are the hallmark clinical signs of IBS. The classification of IBS as a functional disorder stems from a lack of determinant histopathological, or structural biomarkers in afflicted patients. The Rome criteria requires the incidence of abdominal pain, accompanied by alterations in bowel habit for complete IBS diagnosis [21] 

Altered intestinal motility
Abnormal GI motility is commonly associated with altered bowel habits producing diarrheal, constipation, and mixed IBS subtypes [22]. The potential for dysfunctional intestinal motility in contributing to altered bowel habits in IBS is supported by studies looking at intestinal transit rates between healthy and IBS individuals, with IBS-D subtypes exhibiting enhanced rates of SI transit, and the opposite trend observed for IBS-C patients[22,23]. Moreover, a recent report demonstrated that the normal colorectal reflex (normal increase in rectal tone in response to phasic colonic distention) was largely abolished in IBS patients, regardless of bowel habit, providing some evidence for altered colonic motility in these individuals[24]. Interestingly, muscle hypercontractility and abnormal motility patterns are observed subsequent to Trichinella spiralis infection in a commonly used murine model of PI-IBS[13,25-27], suggesting that persistent dysfunctional intestinal motility can be incited following an acute infection.

Abdominal hypersensitivity
Lower thresholds for pain tolerance in IBS patients have been documented along the entire length of the GI tract[22], an effect that is thought to occur in upwards of 60% of afflicted individuals[7]. Hypersensitivity often occurs locally in response to colonic distention[7]. Furthermore, overall visceral hypersensitivity, even upon brief stimuli such as the ingestion of food, is well documented in IBS patients, and may contribute to additional bloating, nausea, and urgency symptoms[8,28].
Stressful events can drastically affect the processing of visceral stimuli[29,30] and result in dysfunctional central neural processes culminating into heightened pain perception. Injury to visceral afferents, for example, is a common cause underlying visceral hypersensitivity[7]. Studies using a rat model of TNBS-induced transient colonic inflammation have highlighted that persistent tissue injury may directly produce heightened visceral pain perception [31]. Importantly, chemically induced colonic inflammation models have stark parallels to many of the physiological events accompanying enteric infections. Initial processes of inflammation, for instance, may act to first sensitize effector, neuronal, and immune cells within the GI tract.  
Interestingly, many of the physiological consequences that can result from infectious events within the GI tract have also been proposed as determinants capable of contributing to abnormal motility and hypersensitivity symptoms seen in IBS patients. The major mechanisms currently thought to underlie IBS pathogenesis, and the evidence surrounding possible contributions made to each by distinct enteric pathogens, will be discussed in the following sections (Figure 1).

PATHOPHYSIOLOGICAL FEATURES OF IBS FOLLOWING ENTERIC INFECTION
Immune system alterations
Accumulating evidence suggests subtle alterations in the immune system in both the gut, and peripheral circulation of PI-IBS patients[32]. Pathogen-mediated disruptions of the mucosal barrier have the ability to allow for persistent immune activation within the intestine, largely due to increased exposure to luminal antigens. Likewise, the host inflammatory response towards perceived pathogens, while meant to be protective, may result in detrimental, perpetuated activation of effector cells and inflammatory mediators. The incidence of PI-IBS symptoms in many patients following enteric infection has fuelled interest in looking at persistent immune infiltrate, and/or altered immune functionalities, as plausible driving forces in the generation of IBS symptoms[33]. 

Mast cells/macrophages/dendritic cells: Certain enteric pathogens have been shown to promote mast cell accumulation. A recent study found that a large proportion of patients experiencing Shigellosis, caused by invasive Shigella spp., go on to develop PI-IBS, and that this effect is accompanied by augmented mast cell numbers[34]. Under normal conditions, mucosal mast cells are highly involved in wound-healing, and defense against pathogens[5]. However, multiple reports document heightened numbers of mast cells within the small[35,36], and large intestines[37-39] of IBS patients. One study, which observed increased mast cells specifically within the duodenum of IBS patients suggested that infiltration of these cells may provide some explanation behind the observation that symptoms differ depending upon the affected site along the GI tract[36]. Also, mast cells can secrete serotonin, therefore increased populations of these cells may provide a link between cellular infiltrate and altered serotonin signaling leading to changes along the brain-gut axis, and dysmotility, characteristic of either IBS-D or IBS-C[36]. Furthermore, augmented numbers of mast cells, and particularly those closely associated with nerve fibers, have been reported in both IBS and Pi-IBS[38] (Figure 1), an effect which may be correlated with enhanced bloating and pain perception symptoms[2,40-42]. 
The T. spiralis mouse model of Pi-IBS has provided important insight into many pathophysiological changes following acute enteric infection. A recent study, for instance, documented numerical and phenotypic alterations in lamina propria dendritic cells (LPDC), following acute T. spiralis infection[43]. In what the authors defined as the “Pi-IBS stage” of infection, i.e. no recovery of nematode in the stool, LPDCs exhibited enhanced expression of co-stimulatory molecules, and greater ability to migrate to and drive CD4+ T cell proliferation[43]. Furthermore, the altered LPDC phenotype was proposed to underlie enhanced levels of pro-inflammatory IFN-γ, IL-23 and Tumor Necrosis Factor (TNF)- production in the Pi-IBS stage[43]. The important role that these cells play in directing T-cell responses may have implications in promoting a low-grade inflammatory milieu, and requires further investigation in relation to IBS pathogenesis.
Monocytes and macrophages are at the forefront of initiating an inflammatory response to pathogens, in addition to providing essential directives to the adaptive immune system[5]. In Pi-IBS cases confirmed following C. jejuni infection the numbers of resident CD68+ macrophages are diminished, perhaps owing to the cytotoxic nature of the pathogen inside host cells[9]. Likewise, Shigella spp.[15,16] and Salmonella infections have been implicated in causing Pi-IBS, and both are obligate intracellular pathogens, which preferentially exploit phagocytic machinery of the macrophage. Specifically, Shigella is transported into the lamina propria through M cells in the epithelium, and presented to resident macrophages and dendritic cells (DCs) for phagocytosis upon which activation of the nucleotide-binding oligomerization domain (NOD)-like receptor protein (NLRC4) inflammasome occurs[44,45] (Figure 1). Consequently, the resulting activation of pro-inflammatory cytokines, Interleukin (IL)-18 and IL-1β, are thought to be major determinants of the high inflammatory conditions characteristic of early Shigella infection[45]. Inflammasome activation can also produce heightened rates of macrophage cell death via pyroptosis, which acts as an “inflammatory” form of programmed cell death (Figure 1). Thus, Shigella infection promotes a high status of inflammation, while simultaneously resulting in the detrimental loss of lamina propria (LP) macrophages. LP macrophages have an important regulatory, and anti-inflammatory role in maintaining intestinal homeostasis[45]. Furthermore, as a consequence of resident LP macrophage depletion, additional circulating monocytes may be recruited to the site of infection, and often differentiate into macrophages possessing a more pro-inflammatory capacity[45]. Considering ample reports documenting low-grade inflammation IBS patients[46,47], pathogen-mediated inflammatory conditions, in addition to the promotion of pro-inflammatory cell phenotypes, may be especially relevant triggers underlying Pi-IBS development. 
In contrast to Shigella; Salmonella is seemingly less cytotoxic to macrophages[48], yet Pi-IBS symptoms have been reported following anywhere between 6%-32% of confirmed infections[2,19]. Following phagocytosis, Salmonella forms the characteristic Salmonella Containing Vacuole (SCV) in macrophages, in which it replicates while effectively evading host immune machinery, and pyroptosis[48] (Figure 1). While capable of avoiding certain immune parameters, Salmonella still evokes a strong Il-18 response[48] which has important implications in exerting paracrine effects on surrounding immune cells to induce Interferon (IFN)-γ expression, and also result in increased levels of activated T cells in the infected intestine, accumulation of which has been documented in many examinations of IBS[9,32, 33,42,49].

Cytokine profiles: Substantial regulation exists within the GI tract in order to maintain a functional balance between pro- and anti-inflammatory mediators under homeostatic conditions. Engagement of the Toll-like receptors (TLRs), NOD-like receptors (NLRs), and other host pathogen-recognition-receptors (PRRs) occurs through ligation by various pathogen- associated-molecular-patterns (PAMPs). Shigella, for instance, is known to stimulate excess production of IL-1β from immune cells during infection via the NLRC4 inflammasome[44,45] (Figure 1). Also, excessive IL-8 secretion is a hallmark of Campylobacter pathogenesis[50], and is initiated upon host recognition of the pathogen-associated lipooligosaccharide[51]. Interestingly, a recent report demonstrated a disruption in TLR9 expression on epithelial cells to be implicated in the enhanced susceptibility to mild pro-inflammatory stimuli post-campylobacteriosis in mice[52]. C. jejuni is also know to promote the translocation of non-invasive commensal bacteria via paracellular and transcellular pathways[53,54]. Campylobacter has also been shown to activate copious amounts of Nuclear Factor (Nf)-κB and IL-1β from immune cells, in vitro[51]. Likewise, recognition of EPEC flagellin and endotoxin results in Nf-κB and Extracellular signal regulated kinase (ERK)-1/2 –driven IL-8 release, and enhanced Tumor Necrosis Factor (TNF)-, IFN-γ and IL-1β in the infected mucosa[55,56] (Figure 1). Interestingly, at least some of the pro-inflammatory cytokines, including TNF-α, IL-1β, and IFN-γ may themselves disrupt the epithelial barrier through alterations of the tight junctions (TJs), and promote increased permeability[57-59]. Thus, residual pro-inflammatory infiltrate following enteric infection combined with the sub-epithelial penetration of commensal bacteria, can create extensive damage to surrounding intestinal tissues, and likely promote chronic pathophysiological consequences. Consequently, many reports have drawn links between altered cytokine profiles and IBS generation[60], and findings include increased levels of pro-inflammatory IL-6, IL-8, and TNF- in plasma and circulating blood mononuclear secretions from IBS patients[47,61]. Lower detection of typical anti-inflammatory cytokines, IL-10 and Transforming Growth Factor (TGF)-β, at the level of mRNA has also been reported[62]. Also, evidence from the T. spiralis Pi-IBS murine infection model has shown greater levels of IFN-γ, IL-23 and TNF-α produced by DCs in the Pi-IBS stage[43]. Additionally, sustained levels of pro-inflammatory mediators have been documented in a 21-day Citrobacter rodentium model of murine E. coli pathogenesis[63]. Regardless of these promising observations, the implications of pathogen-mediated alterations in normal cytokine profiles in providing sufficient trigger for IBS symptom establishment requires further investigation.

Mucosal barrier alterations 
The intestinal epithelium provides an interface between the luminal space and the dynamic environment of the underlying subepithelial compartment. This physical barrier is intricately involved in regulating the controlled passage of vital nutrients, molecules, and water, via a semipermeable function maintained by tight junctions (TJs). TJs actively maintain the polarized characteristic of the epithelial barrier, and are composed of over 40 proteins consisting of occludin, junctional adhesion molecule (JAM), and claudins[64]. Patients with a history of infectious events experiencing Pi-IBS show drastic increases in permeability[65,66]. A prospective study, however, following a large waterborne outbreak of bacterial gastroenteritis, incited by mixed infection of EHEC O157:H7 and C. jejuni, documented increased permeability to be associated with IBS, regardless of whether symptoms were post-infectiously initiated[65]. Enterohaemorrhagic E. coli (EHEC) is known to have deleterious impacts on the epithelial barrier through number of mechanisms, including TJ disruptions, and abnormal rates of intestinal epithelial cell (IEC) apoptosis[67,68]. These effects can be mediated directly via physical interaction through EHEC formation of characteristic attaching and effacing lesions (A/E lesions), and/or diffusely through toxin release[64,69]. EHEC, and its close relative: Enteropathogenic E. coli (EPEC), are known to hijack various pathways regulating the semi-permeable profile of TJs, and both have been shown to activate Myosin Light Chain Kinase (MLCK) to produce abnormally leaky barrier functionalities [70,72] (Figure 1). Additionally, Giardia duodenalis, a protozoan pathogen recently implicated in promoting Pi-IBS development[18,73], is well-known to disturb homeostatic barrier function through alterations in key TJ elements[74]. Specifically, Giardia has been shown to disrupt zonula occludins protein (ZO)-1, numerous transmembrane claudin proteins, and alter F-actin and α-actinin in order to disrupt paracellular flow[75,76] (Figure 1), which may have important implications in providing a mechanistic link between initial giardiasis, and subsequent development of IBS symptoms. Indeed, recent analysis of colonic biopsies from IBS patients indicated decreased expression of ZO-1, which was associated with increased permeability[77]. Moreover, an earlier report examining fecal extracts indicated higher levels of serine proteases in samples from IBS-D patients. When these extracts were applied to healthy colonic mucosa, they could elicit a proteinase activated receptor (PAR)-2 dependent increase in paracellular permeability in mice via increased myosin light chain (MLC) phosphorylation and delayed redistribution of ZO-1[78]. Numerous pathogens, including both EPEC and EHEC, produce potentially cytotoxic serine proteases[79], suggesting another possible link between enteric infection and IBS pathogenesis. Proteases are known to be involved in the infectious processes of pathogens such as EHEC and EPEC where they can prove detrimental to the epithelial barrier via modifications of the Extracellular Matrix (ECM)[80], and or by activating Protease-Activated Receptors, which have been shown to stimulate sensory neurons to produce hypersensitivity reactions [81]. Consequently, the possibility of residual pathogen mediators, such as inherent proteases, contributing to persistent changes in GI function requires further examination. 

Enterochromaffin cells: Enterochromaffin cells (ECs) lining the GI mucosa are primary sources of Serotonin (5-HT) within the body. Alterations in the biosynthesis of 5-HT, in its release from ECs and degradation, and/or in its re-uptake, may have severe ramifications and perturb normal GI function[82]. Multiple studies have shown significantly higher 5-HT levels in the plasma of Pi-IBS patients compared with that of healthy controls, even in comparison to patients of the sporadic IBS-C subtype[83]. Recent studies have observed such significant alterations in EC counts and 5-HT levels, that the authors declared Pi-IBS as a distinct IBS subtype[10,11]. Augmented numbers of 5-HT-contatining ECs have been observed in colonic biopsies from patients following C. jejuni infection[9]. Up to 25% of C. jejuni infections are known to result in IBS [9], and the resulting implications on EC hyperplasia and excessive 5-HT bioavailability suggest a possible mechanism whereby enteric infection may provide sufficient trigger for IBS symptom generation. Additionally, numerous reports have suggested a defect in the serotonin reuptake transporter (SERT) expression, and function in IBS patients[82,84,85], which may dictate inadequacies in homeostatic serotonin turnover. Interestingly, in the T. spiralis model of Pi-IBS, mice develop chronic abnormal motility patterns subsequent to infection, an effect that is accompanied by EC hyperplasia and 5-HT release[6,13], and blocked upon administration of a 5-HT antagonist[86]. In contrast, patients with persisting abdominal symptoms after acute Giardia infection have lower duodenal 5-HT-containing ECs, and lower plasma 5-HT postprandially, compared to controls[87], further underscoring the complexity of IBS pathophysiology. 

Intestinal microbiota disruptions: The intestinal microbiota have extensive protective capacities[88] that are maintained by a diverse species profile. The characteristic high fat, high protein diets employed by the majority of people living in westernized countries facilitates the establishment of distinct microbiota species profile, as compared to that of those living in rural areas of developing countries, with a polysaccharide-rich diet[89]. Particular bacterial groups, mainly Bacteroidetes are known to harbor significant genetic capabilities to hydrolyse xyloses, making it an important constituent of the microbiota of people subsisting on carbohydrate-dominant food sources. The relative sensitivity of these distinct microbiota to enteropathogens, and how in turn disruptions in their respective flora may differentially regulate post-infectious disorders, is unknown.
Interestingly, changes in the relative Firmicutes to Bacteriodetes ratio[90,91], loss of Bifidobacteria spp. and Faecalibacterium[91], and overall diminished diversity[92], are all apparent in the microbiota profile of IBS patients. Additionally, numerous studies have demonstrated Small intestinal bacterial overgrowth (SIBO) in IBS patients, where excessive colonization of the small intestine occurs with colonic flora[33,93]. There is the possibility that enteropathogens may disrupt the indigenous microbiota, either directly through pathogen-microbiota interactions, indirectly via the host mucosal immune response to the pathogen, or by a combination of the two[94]. For example, S. enterica serovar Typhimurium induced the loss of 95% of total bacterial numbers throughout the murine intestinal tract, 7 d following infection[94]. Findings from ongoing research also indicate that G. duodenalis and C. jejuni are able to directly alter species distribution of human commensal microbiota[95]. Pathogenic effects, however, may only provide a suitable trigger, and ultimately require the accompaniment of a host inflammatory response in order to markedly alter the microbiota ecosystem. The necessity of these compounding factors is exemplified in contrasting C. rodentium and C. jejuni murine infection models, where the former induces overt host inflammation, while the later can successfully colonize without producing inflammatory reactions[96]. It appears then, that both enteropathogen assault, combined with pathogen-mediated intestinal inflammation, can elicit dramatic changes in the total abundance of the intestinal microbiota, and shift in anaerobic:aerobic species[96].

CONSIDERATION
Many studies that classify patients as experiencing Pi-IBS do so based upon questionnaires, highlighting the fact that they rely exclusively on a patient’s recall of past medical events, including infections and/or prescription drug use. Some antibiotics, for example, have established causality in disturbing the overall fecal microbial composition through drastic reduction of Firmicutes and Bacteriodetes, and a corresponding promotion of Proteobacteria spp.[97]. 
Also, the classification of IBS as biopsychosocial disorder challenges the mantra of body and mind being distinct entities, and suggests an equal consideration of both when examining disease manifestation. The risk of developing IBS symptoms following enteric infection may also differ in individuals depending on psychological parameters such as stress level, emotional status, and upbringing. High stress and anxiety levels, for instance, are associated with IBS development following Campylobacter infection[98]. Anxiety, as well as depression, is also correlated with altered pain perception in IBS patients [30]. Additionally, anxiety and depressive states in IBS patients were recently shown to lead to changes in serum levels of gastrointestinal hormones. Indeed, the authors suggest increased secretion of somatostatin (SS) and vasoactive intestinal peptide (VIP) seen in IBS patients exhibiting anxiety-depression emotional state ratings, may contribute to altered gastrointestinal motility and function[99]. An important mediator in the endocrine arm of the stress response, Corticotropin-releasing factor (CRF), may also contribute to Pi-IBS development through direct local action on specific cellular targets, namely mast cells, and consequently lead to the modification the intestinal inflammatory process[100].
Additionally, as Pi-IBS is defined based upon the development of exclusively new IBS symptom presentation, researchers must be certain that no preceding presentation of IBS occurred. Indeed, clear cause-to effect relationship studies need to establish mechanistic causalities in Pi-IBS.

CONCLUSION
Unfortunately, the link between physiological consequences of enteric infection and altered gut function (sensitivity and motility) seen in IBS remains largely circumstantial. As many as 30%-40% of patients experiencing enteritis can go on to develop chronic GI abnormalities compatible with IBS; however, this means that a greater percentage of patients make a full recovery. Susceptibility, in turn, to developing IBS is determined by a number of factors, with enteric pathogens constituting only one possible route of initiation. Regardless of the heterogeneous initiation mechanisms culminating into disease, the pathophysiological implications of enteric infection provide important clues towards elucidating the mechanics underlying IBS manifestation. Animal models are becoming increasingly appreciated as divergent means in which IBS triggering mechanisms may be elucidated. Indeed, the maternal separation stress model (MS) in rodents is well documented in mimicking early life stress that can result in lifelong dysfunctions in the brain-gut axis, and is implicated in predisposing to IBS development [101]. Furthermore, animal models of post-infectious, or post-inflammatory conditions, such as those using T. spiralis or TNBS, are proving useful in examining the mechanisms underlying motility and pain perception changes subsequent to diverse stimuli, without the challenges associated with patient recall, or the need for complex psychological status analyses.
This is especially relevant in terms of developing treatment technologies to combat IBS, most of which currently target overt symptomology. Many of the physiological consequences of GI infections represent parallels with fundamental triggering mechanisms currently though to contribute to IBS. Understanding the similarities between remnants of enteric infections, and the detrimental outcomes, can lead to the development of prevention strategies and therapeutic techniques to target IBS generation; before it can even start.
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Figure 1 Illustration representing the interaction of several pathogens with the intestinal epithelium and resident immune cells, and their contribution to the development of post-infectious-irritable bowel syndrome. A: Giardia duodenalis disrupts tight junctional proteins in the epithelium, in addition to resulting in a decrease in 5-HT-producing enterochromaffin cells. B: Salmonella enterica serovar Typhimurium invades enterocytes and makes its way to resident macrophages, where upon being phagocytosed it causes IL-18 release, which further stimulates IFN-γ release from nearby immune cells, i.e., lamina propria dendritic cells, and macrophage pyroptosis. This pathogen is also able to disrupt the resident microbiota; C: Campylobacter jejuni causes disruptions in TLR9 signaling to make epithelial cells more susceptible (would sensitive apply here instead of susceptible?) even to mild pro-inflammatory cytokines. It also activates the NF-κB pathway to result in an IL-1β and IL-8 release. C. jejuni has also been shown, particularly in cases of Post infectious (Pi)-IBS, to cause a reduction of resident CD68+ macrophages; D: Shigella flexneri crosses the epithelium through the M cell and is taken up resident macrophages, where it causes IL-1β and IL-18 release, and pyroptosis in these macrophages. S. flexneri has also been associated with increased number of mast cells, secretions of which MCT can activate the enteric nervous system; E: EPEC results in TNF-, IFN-γ, and IL-1β release via NF-κB and ERK-1/2 activation. Both EPEC and EHEC result in MLCK- dependent tight junctional disruption. Intriguingly, (A) G. duodenalis and (C) C. jejuni have been implicated in the modification of the intestinal microbiota; however, the effects of this modification remain unclear[90]. A variety of combinations of these factors may contribute to the pathogenesis of PI-IBS.  MCT: Mass cell tryptase.
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