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Abstract

Irritable Bowel Syndrome (IBS) is a gastrointestinal disorder of growing incidence causing abdominal pain, low grade 
inflammation, diarrhea, constipation, altered bowel habits often associated to anxiety and depression with multifactorial etiology, in 
which intestinal parasitic infections and concomitant changes in microbiota are included. The four most prevalent protists (Giardia, 
Cryptosporidium, Blastocystis and Entamoeba) have been associated to IBS cases while helminths are scarcely related. However Post-
Infectious IBS (PI-IBS) is gaining attention and besides the mounting evidence of its association with these protists, particularly 
Giardia, experimental models in mice infected by helminths as Trichuris muris and Trichinella spiralis reproduce the most important 
features of clinical IBS and even psychological stress can trigger PI-IBS in rats. This review emphasizes the main steps in pathogeny 
of parasite-derived IBS and poses a landscape profiling therapeutic optimization strategies intervening the enteric system, the gut-
brain axis and very likely the endocannabinoid system.
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Irritable Bowel Syndrome: Prevalence, Control 
and Etiology

After a first case description on 1820 and conceptual introduc-
tion by 1944, the Irritable Bowel Syndrome (IBS) has attracted at-
tention in the last decades not only by its complex nature but by its 
sequelae on patient´s quality of life and significant healthcare costs. 
IBS is defined as a functional gastrointestinal disorder involving ab-
dominal discomfort with altered bowel habits and defecation along 
to disturbed brain-gut axis functions. This entity is prevalent in 
rates ranging from 1.1-45.0% (mean: 11.2%) worldwide with high-
er rates at South America and lower at Southeast Asia, with women 
having slightly higher global prevalence (12%) than men (8.6%) [1]. 
Primary symptoms include abdominal pain with frequent diarrhea  

 
and constipation, tenesmus, bloating, recurrent gastroesophageal 
reflux and chronic fatigue syndrome. Psychiatric signs mainly con- 
sist of depression, anxiety and sleep disorders [2]. At the current 
time, IBS control relies on diagnosis and treatment while prophy-
lactic measures are virtually not established yet. Detecting IBS has 
not been easily standardized but the Rome classification (I-IV, 1989 
through 2017) of fecal depositions is the most accepted criterion 
to assist IBS diagnosis [3]. As per Rome IV criteria, patient must re-
port abdominal pain coupled to changed bowel habits one or more 
days a week for at least 3 months and cases fall within 4 subtypes: 
diarrhea-predominant (IBS-D), constipation-predominant (IBS-C), 
mixed (IBS-M) and unclassified (IBS-U) (Figure 1).
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Figure 1: Two-dimensional diagram of the main IBS subtypes and PI-IBS. IBS-C: IBS with constipation; IBS-D: IBS with diarrhea; IBS-M: 
IBS with diarrhea/constipation; IBS-U, unclassified IBS; PI-IBS: post-infection IBS. The zone marked in light red corresponds to PI-IBS where 
IBS-D prevails. Adapted from Longstreth GF, et al., (2006): Functional Bowel Diseases, Gastroenterology 130: 1482.

Nevertheless, a patient could move amongst these subtypes in-
deed requiring a change in treatment strategy [4]. Therapy for IBS 
targets symptoms and commonly includes medication (e.g. dexa-
methasone, pinaverium bromide-dimeticone, loperamide, tricyclic 
antidepressants, serotonin transporter inhibitors), dietary mea-
sures (e.g. low diet in Fermentable Oligo-, Di-and Monosaccharides 
and Polyols [FODMAP]), probiotics, Fecal Microbial Transplanta-
tion (FMT), antibacterial overgrowth agents as Rifaximin as well as 
psychotherapy including hypnosis [5,6]. The precise etiology of IBS 
remains still unclear because genetic, environmental and psychoso-
cial factors have been related to its appearance and symptom main-
tenance [7]. However, there is growing consensus on a relevant role 
for brain-gut axis and particularly neuro-immune disturbances. Re-
cent studies suggest that allergy episode(s) that activate peripheral 
immune responses may underline the onset of abdominal pain in 
IBS patients [8]. Importantly, serotonin imbalances and allergy to 
food or microbial components are contributing factors to IBS induc-
tion. On a hand, serotonin (5-hydroxytryptamine, 5-HT) production 
is influenced by gut microbiome and besides regulating emotions, 
mood and even pain sensitivity through its receptor, it modulates 
gut peristalsis hence its altered levels lead to gut dysfunction and 
symptoms as visceral hypersensitivity, diarrhea and constipation 
[9]. On the other, the increased permeability at intestinal barrier 
associated with IBS (with some genetic association to IBS-D) may 
promote reactions to toxins, microbial excretory/secretory prod-
ucts or food allergens gaining access from lumen to mucosal intes-
tinal compartments thus interacting with lymphocytes and mast 
cells [10,11]. In fact, tenapanor, an inhibitor of Sodium-Proton ex-

changer NHE3 that promotes permeability restoration is currently 
approved for use in IBS-C [12]. In line with these facts, serotonin 
produced in the gut by Enterochromaffin Cells (ECCs) is a well-
known general regulator of membrane permeability [13]. Within 
studies needed in IBS diagnosis are patient history, abdominal and 
rectal examination along to laboratory tests to discard other con-
ditions such as anemia, Inflammatory Bowel Disease (IBD), Celiac 
Disease (CD) and colorectal cancer [14].

However, a significant number of cases are preceded by epi-
sodes of acute infectious gastroenteritis; in fact, there is a six-fold 
increase of risk to develop IBS after a gastrointestinal infection [15]. 
Here, a bidirectional gut-brain-microbiome bidirectional axis takes 
place as viable mechanism. Intestinal microbiome includes several 
communities of prokaryotic (bacteria and archaea) and eukaryotic 
(fungi, parasites) microorganisms and viruses as well, which have 
dynamic interactions that under certain contexts may change not 
only each other´s pathogenicity but change bowel homeostasis. 
When intestinal parasites (protozoa, helminths) are concerned, IBS 
onset may occur after infection has been successfully treated; this 
subtype is known as Post-Infectious IBS (PI-IBS). The first report of 
PI-IBS corresponds to abdominal disturbances after acute amoebic 
disentery [16] and it has been estimated that this subtype accounts 
for 6-50% % of all IBS cases, mostly derived from traveller´s diar-
rhea or gastroenteritis outbreaks where IBS-D prevails and where 
parasitic infection even occurred several years ago [17,18]. As 
with other IBS subtypes, for PI-IBS pathophysiological factors and 
mechanisms have not been fully unveiled but it is acknowledged 
that parasites may elicit mechanisms affecting the brain-gut axis 
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and promote persistent inflammation, malabsorption and even 
bacterial overgrowth at intestine [19,20]. Of note, parasitic protists 
of recognized medical and veterinary importance able to colonize 
small (Giardia, Cryptosporidium) and large (Entamoeba, Blastocys-
tis) intestines may only cause infection but not disease in a subset 
of cases, the so-called asymptomatic carriers; likewise, helminthes 
being harmful at high burdens may be mutualists under other con-
texts [21,22]. In the next sections the parasitic factors and effects 
on gut homeostasis with a posible link to the onset of PI-IBS are 
addressed. 

Pathogenic Role of Intestinal Protists in IBS
As compared to other pathogens, protist-caused enteritis dis-

plays the higher risk for developing PI-IBS [23]. At intestinal level, 
several traits of disruption of gut homeostasis are observed in IBS 
patients and are potentially related to intestinal parasites and other 
microbiome communities of which bacteria are the most extensive-

ly characterized [24]. First, parasites can secrete or export several 
kinds of molecules, from toxins to metabolites, that have a direct 
effect on host intestinal epithelium; secondly, the intestinal barrier 
permeability is increased in IBS with concomitant decreases in ex-
pression of cell junctional proteins as ZO-1 and even fecal superna-
tants from IBS-D patients induce higher paracellular permeability 
in mice models [25,26]. Thirdly, a low grade of immune activation is 
observed in significant proportions of IBS patients that exhibit in-
creased numbers (i.e. hyperplasia) of mast cells and T lymphocytes 
as well as increased levels of proinflammatory cytokines as IL1β, 
IL-6, IL-8 and TNFα, and decreased levels of antiinflammatory ones 
as IL-10 [27-29]. Fourth, parasitic infection promotes visceral hy-
persensitivity that includes abdominal pain, a hallmark symptom in 
IBS spectrum; and fifth, parasites may induce changes in bacterial 
intestinal communities that might trend to the onset of IBS (Figure 
2).

Figure 2: Steps involved in pathogeny of IBS/PI-IBS. The parasites more likely linked to IBS (genus indicated) upon interaction with 
intestinal epithelium secrete virulence factors exemplified by extracellular cysteine proteases [33] (1) that can disrupt intercellular junctions 
(tight, adherens) promoting increased intestinal permeability (2). Also, microbial dysbiosis (3) is produced by parasite-derived factors which 
allows bacterial translocation (4). Thereafter activation of the immune system occurs and pro-inflammatory cytokines that include, but are 
not limited to, IL-1β, IFNγ and IL-17 are up-regulated along to decreased levels of anti-inflammatory cytokines as IL-10 with concomitantly 
higher Th1/Th2 ratios and increased populations of Th17 cells, monocyte phagocytic cells (Mɸ) and Dendritic Cells (DC) and importantly 
Mast Cell (MC) hyperplasia and activation at the proximitiy of nerve terminals (5). Enterochromaffin Cells (ECC) have altered serotonin 
(5-HT) levels that combined to triptase release from MC and activity of the Protease-Activated Receptor 2 (PAR-2), produce neuronal 
activation and perturbations in the bidirectional brain-gut axis (6). This altered immuno-neural environment leads to intestinal dysfunction and 
hypersensitivity (7). In PI-IBS, antiparasitic Treatment (Tx) or immunological clearance of the pathogen is followed by the reactivation of a low-
grade inflammation in which remnant microbiota plays an important role, with further appearance of recurrent symptoms as abdominal pain, 
visceral hypersensitivity, altered gut habits and psychological imbalances.

Cryptosporidium sp

Cryptosporidium is a genus complex of apicomplexan alveolate 
protists causing cryptosporidiosis, this infection is initiated by the 
infective oocyst that releases sporozoites that upon infecting epi-
thelial cells undergo several morphological changes including ga-

metogony and thereafter it replicates within a parasitophorous vac-
uole at microvillous layer. Humans are mainly infected (90% cases) 
by zoonotic C. parvum and C. hominis species. Typical symptoms 
involve diarrhea, nausea, vomiting and malaise but in C. hominis 
infections, extraintestinal symptoms as joint pain, eye discomfort, 
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fatigue and recurrent headaches may exist [30]. Further, a third of 
patients infected with C. hominis or C. parvum had persistent diar-
rhea and abdominal pain for 12 months [31]. In experimental mu-
rine models, C. parvum produces several IBS traits such as jejunal 
hypersensitivity, mast cell hyperplasia and intraepithelial lympho-
cye infiltration [32]. In these organisms none virulence factor has 
been characterized in depth nor explored in relation to IBS albeit 
the presence of the cryptopain family of cysteine proteases in C. 
parvum, particularly secreted cryptopains 4 and 5 [33], would shed 
important insights in future research. Otherwise, proteomics stud-
ies in the epithelial cell line HCT-8 infected with C. parvum showed 
a decreased expression of proteins involved in α-linoleic acid syn-
thesis, a metabolite that alleviates IBS symptoms [34].

With regard to intestinal permeability, in neonatal calves infect-
ed with C. parvum an important increase in paracellular permea-
bility has been reported [35] and this is associated with decreased 
presence of proteins from tight and adherens junctions [36]. Also, 
activation of the immune system by Cryptosporidium shares some 
features with IBS. For instance, increased levels of proinflammato-
ry IFNγ, IL-12 and IL-18 have been observed in infected mice [37]; 
likewise, the same trend occurs with TLR4 and ICAM-1, two surface 
molecules increased in IBS patients but linked to limited inflamma-
tion [38]. In relation to jejunal hypersensitivity, it has been shown 
to be induced by C. parvum in rats along to abdominal distension 
that persisted up to 100 days after parasite clearance [39] and this 
could be associated to recruitment of activated mast cells [32]. 
Cryptosporidium infection concomitantly induces multiple changes 
in intestinal microbiota (dysbiosis). Among others, mice infected 
with Cryptosporidium spp. showed lower relative aundance of Fir-
micutes (Bacillota) and higher abundances of Bacteroidetes (Bacte-
roidota) [40]. Of interest, in IBS patients the disbalanced presence 
of enterotoxigenic Bacteroides fragilis promotes diarrhea and ab-
dominal discomfort [24]. From these observations, the similarity 
in mechanisms of immune activation and microbiota changes are 
proposed to be a possible link between cryptosporidiosis and PI-
IBS [41].

Giardia duodenalis

Giardia duodenalis (G. lamblia, G. intestinalis) is a microaero-
philic flagellated protist causing giardiasis which is transmitted by 
the infective cyst stage while motile, pathogenic trophozoites at-
tach and reproduce at the microvillus border of small intestine in 
humans and a wide variety of companion, livestock and wild host 
species. Common symptoms and signs are diarrhea, flatulence, ab-
dominal cramps, bloating and intestinal malabsorption that led to 
weight loss. Symptomatic infections may be self-limiting within 2-3 
months while chronic cases are long lasting (several years). This 
species is composed of eight genetic lineages (assemblages A-H) of 
which assemblages A and B infect humans. Lately or after infection, 
several sequelae may be observed and include muscle and/or eye 
alterations, skin allergy, arthritis, metabolic unbalances and im-
paired cognitive performance [42]. Based on experimental, clinical 
and epidemiological evidence, giardiasis is currently a recognized 
risk to develop PI-IBS. In experimental models, Giardia infection 

was shown to drive persistent tight junctional damage promoting 
bacterial penetration and mucosal inflammation that was present 
even after effective treatment [42,43]. Epidemiological data sup-
port this notion; for instance, in a follow-up study in a giardiasis 
outbreak where infected and treated individuals were included, 
46.1% presented PI-IBS after 3 years and 39.4% developed PI-IBS 
after 6 years, while these rates were 14 and 11.6% in control group 
[44]; likewise in matched cohorts, one-year incidence of PI-IBS 
was 37.7/1000 in giardiasis group and 4.4/1000 in non-giardiasis 
group [45].

This protozoan secretes a variety of proteins considered as 
virulent factors (toxin-like, cysteine rich surface proteins includ-
ing Variant Surface Proteins [VSPs] and High Cysteine Membrane 
Proteins [HCMPs], metabolic enzymes from arginolysis as Arginine 
Deiminase (ADI) and Ornithine Carbamoyl Transferase (OCT) as 
well as glycolytic enzymes as enolase, tenascins and worth noting 
cysteine proteases as Giardipain-1 [46]. 

Consistent with a link between giardiasis and PI-IBS, duodenal 
biopsies from chronically infected patients showed increased para-
cellular permeability, i.e. decreased transepithelial resistance, in-
creased rates of enterocyte apoptosis, decreased expression of tight 
junction proteins as claudin-1 and occludin-4, and recruitment of 
inflammatory cells at the intraepithelial compartment [47]. These 
alterations have been reproduced during in vitro interactions of 
intestinal IEC-6 cells with G. duodenalis trophozoites and even in 
experimental giardiasis using Mongolian gerbils infected with tro-
phozoites transfected with plasmids containing the entire sequence 
of Giardipain-1 [48,49]. Other virulence factor, the arginolytic en-
zyme Arginine Deiminase (ADI) contained in Giardia´s secretome 
was shown able to actívate mast cells in vitro which produced IL-6 
and TNFα; this effect was reproduced by the ADI product, citrulline 
[50]. Nonetheless these and other virulence factors as well as oth-
er molecules are not only present in the trophozoite´s secretome 
but are actively exported within exosomes or Extracellular Ves-
icles (EVs) which may penetrate intercellular epithelial junctions 
or directly fuse to enterocyte membrane to release its content in 
host cell cytoplasm. In vitro assays indicate that giardial EVs induce 
transcription and secretion of proinflammatory cytokines (IL-1β, 
IL-6 and TNFα) in murine macrophages [51]. Interestingly, treat-
ment with giardial EVs in mice with dextran sulfate-induced cholitis 
(an IBD model) attenuate inflammation through down-regulation 
of IL-1β, TNFα and IFNγ [52], in agreement with the low grade of 
inflammation observed in IBS.

In addition, there are insights about an altered brain-gut axis 
in giardiasis connecting it to IBS-D because patients may have im-
paired serotonin release combined to increased cholecystokinin 
levels at duodenum and plasma, this latter being a predisposing fac-
tor for changes in bowel habits as delayed emptying and postpran-
dial contractions in colon [53,54]. Furthermore, Giardia infections 
may induce dysbiosis in intestinal microbiota biofilms promoting 
bacterial translocation across the intestinal epithelial barrier with 
concomitant, proinflammatory stimulation of TLR4 signaling and 
IL-1β overproduction. Worth of mention, these alterations in mi-
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crobiota were caused by parasite´s cysteine proteases. Otherwise 
in gerbils infected with trophozoites transfected to overexpress 
Giardipain-1, these parasites provoked changes in fecal bacterial 
communities albeit the inflammatory response that persisted af-
ter parasite clearance was thought to be associated to the parasite 
but not to the dysbiotic microbiota [49]. Likewise in mice infected 
with G. duodenalis, parasite colonization was related to increases 
in aerobic Proteobacteria and decreases in anaerobic Firmicutes 
and Melainabacteria as a direct result from parasite metabolism 
and indirectly from stimulation of inflammatory responses [55]. In 
summary, this protozoan fulfills the criteria to be associated to IBS 
in cases where it is erradicated by treatment, but main traits of IBS 
later emerge [23,44,45].

Blastocystis sp

The stramenopile, unicellular organism Blastocystis sp. is oth-
er key intestinal parasite of emerging epidemiological importance 
and still a matter of controversy regarding its pathogenicity and 
link to IBS yet these issues are gaining consensus in recent years. 
This heterokont infects the large intestine of humans and a wide 
repertoire of vertebrates through fecal-oral transmission where 
vacuolar and/or granular forms predominate in stool and ameboid 
stages are present in symptomatic individuals. Most infections are 
self-limiting and asymptomatic, the most frequent symptoms are 
diarrhea, abdominal pain, bloating, vomiting, nausea, anorexia and 
sometimes urticaria, itching and skin redness [56]. Currently there 
are up to 38 Subtypes (STs) identified, with ample genetic vari-
ability, of which ST1-ST9 can infect humans and other hosts whilst 
ST1-ST4 cause >90% of human infections with prevalence of ST3 in 
both symptomatic and asymptomatic cases [57]; indeed a relation 
between virulence and Blastocystis subtypes has not consensus but 
it is proposed to be rather a multifactorial result from the infecting 
subtype, intestinal microbiota and host immune response.

The association of blastocystosis and IBS prompts from their 
reported occurrence in a same individual, raising the notion that 
the parasite has a role in the onset and development of IBS [58,59]. 
Based on symptomatology, it is conceivable that the intestinal bar-
rier is disrupted during blastocystosis, leading to epithelial damage, 
infiltration of immunitary cells and activation of innate responses 
[60]. In this sense, experimental data in Blastocystis-infected mice 
provide supporting evidence; for instance, this protist provoked 
an altered epithelial architecture, infiltration of both inflammato-
ry cells at submucosa and parasites at all intestinal layers along 
to goblet cell hyperplasia, higher levels of IL-12 and TNFα and de-
creased ones of IL-4 and IL-10 [61]. Accordingly, intestinal explants 
from Blastocystis ST7-infected mice displayed higher levels of IL-1β 
and IL-6 through the MAPK signaling pathway [62]. In addition, pa-
tients with Blastocystis infection may exhibit an important decline 
in anti-inflammatory bacteria as Faecalibacterium prausnitzii [63]. 
On the contrary, Blastocystis ST4-infected mice increased the pro-
duction of anti-inflammatory factors such as short-chain fatty acids 
and IL-10 [64]. Clinical data add insights in the latter sense. Thus, 
Blastocystosis has been linked with decreased levels of the neutro-
phil-derived inflammatory marker, fecal calprotectin, and normal 

bacterial alpha diversity in asymptomatic (“healthy”) individuals 
[63,65]; further, Blastocystis ST3 infection has been associated with 
a eubosis state with predominance of beneficial species as Rumino-
coccus (Firmicutes) and Prevotella (Bacteroidetes) [66].

Here, it is worth mentioning that a few virulent factors from 
Blastocystis sp. have been identified and characterized, particularly 
a secreted cysteine protease named Blastopain-1 that is activated 
by a Legumain-type protease. Blastopain-1 can disrupt the epithe-
lial barrier in model epithelial cell lines [67] and it is known that 
cysteine proteases may be exported by this parasite as part of EVs´ 
cargo [68]. Moreover, EVs from Blastocystis ST1-3 have been shown 
to differentially induce the production of pro-and anti-inflamma-
tory cytokines by human monocytes [68]. Clearly, it is necessary 
to assess the active role of this and other(s) from the 29 cysteine 
proteases predicted to be secreted by this organism [33] along to 
its serine protease(s) able to cleave secretory IgA [69] in experi-
mental blastocystosis and further in symptomatic Blastocystis sp. 
infections. In the same sense, there is a lack of studies concerning 
brain-gut axis alterations caused by this parasitic heterokont, but a 
link is likely because it was observed that prevalence and pathoge-
nicity of Blastocystis sp. are higher in people with stressed lifestyles 
in developing countries [70].

The ability of Blastocystis infection to alter intestinal micro-
biota is a hallmarked link with IBS onset and development. It has 
been observed that Blastocystis colonization promotes a significant 
decrease in probiotic Bifidobacterium sp. in men with IBS-C [63]. 
In the case of IBS patients infected with Blastocystis ST3, they dis-
played increased levels of serum IL-6 and TNFα [71]. Intriguingly 
in IBS-D patients the fecal prokaryotic microbiota is unchanged re-
gardless of the presence or absence of both Blastocysitis sp. Howev-
er, IBS was ultimately related to a rise in Firmicutes and a decrease 
in Bacteroidetes [72]. In relation to immune responses, IBS patients 
with concomitant Blastocystis infection had lower levels of CD3+, 
CD4+ and CD4+/CD8+ cell ratios [73]; further, ST1 or ST3-infected 
IBS patients overproduced pro-inflammatory cytokines (IL-8, IL-12 
and TNFα) when compared to patients with only IBS [74]. In stud-
ies analyzing genetic background, Blastocystis carriers harbouring 
polymorphisms at alleles of pro-inflammatory IL-8+ 396 (GG) and 
anti-inflammatory IL-10-592 (C) cytokines displayed a risk to de-
velop IBS [75]. In spite that these reports suggest likely relation-
ships of at least IBS-C with proinflammatory microbiota and that 
recent meta-analyses of clinical reports show a positive relatio of-
Blastocystis sp. infection and risk to develop IBS (Odds Ratio 1.78, 
95% confidence interval 1.29-2.44) [76], the ocurrence of PI-IBS af-
ter blastocystosis treatment still requires case-control, prospective 
clinical studies.

Entamoeba histolytica

 The Entamoeba histolytica/dispar complex inhabits the colonic 
mucosa of humans and alternates between two main stages: the in-
fective cyst and the vegetative, pathogenic trophozoite. The disease 
caused, amebiasis, may have intestinal manifestations in ≈10% 
cases with symptoms as acute abdominal pain, dysentery, amoe-
bic colitis and watery or mucus-containing feces. In ≈1% cases the 



Am J Biomed Sci & Res

American Journal of Biomedical Science & Research

Copyright© Raúl Argüello-García

195

parasite may cross the epithelial layers and migrate through portal 
vein to liver, causing amebic liver abscess which is fatal if untreated. 
For colonization and invasiveness, these protists express several 
types of molecules aimed to interact with and degrade host targets. 
These include several cell surface glycoproteins as the Gal-GalNac 
lectin, a lipopeptidoglycan, and adhesins as ADH112; glycosidases 
that degrade MUC2; β-amylases for energy source during invasion 
and remarkably cysteine proteases like CP112 that form a complex 
with ADH112 and degrade intercellular junction proteins (tight and 
adherens junctions as well as desmosomes) and CP-A5 (expressed 
only by E. histolytica) that (a) degrades mucus and even microbial 
films, (b) induce collagen degradation through matrix metallopro-
teinase activation, and (c) promotes tissue inflammation through 
binding to αvβ3 integrin receptors on goblet cells. Another factor 
secreted by trophozoites is the inflammatory, secreted prostaglan-
din E2 that also disrupts tight junctions as do some serine proteas-
es [33,77]. E. histolytica is identified as the virulent species and E. 
dispar as the non-virulent one. Accordingly, humoral and cellular 
immune responses are activated by E. histolytica, initiating with 
neutrophil infiltration at colonic (intra)epithelium, activation of 
mast cells, macrophages, natural killer cells and T lymphocytes 
which led to secretion of pro-inflammatory cytokines [78]. Howev-
er, in recent times a role for microbiota in the control of inflamma-
tion has been proposed [79].

As far as the role of intestinal microbiota in the modulation of 
E. histolytica virulence is concerned, certainly Entamoeba feeds on 
comensal bacteria and it triggers not only its invasiveness but pro-
voke significant changes in the population structure of human in-
testinal microbiota, i.e. dysbiosis, with distinct trends. In this sense, 
Indian patients with amebic colitis had decreases in populations as 
Bacteroides, Clostridium coccoides/leptum, Lactobacillus, Campylo-
bacter and Eubacterium with concomitant increases in Bifidobac-
terium species [80]. However amebic colonization in children has 
been found associated to enrichment of the pro-inflammatory bac-
terium Prevotella copri in diarrheal samples [81]; similarly in other 
study E. histolytica-positive samples from African patients exhibit-
ed greater frequencies of Firmicutes and lower of Bacteroidetes as 
compared to healthy controls [82]. Despite the obvious inflamma-
tory potential and the aggressive parasite behaviour, an association 
of symptomatic amebiasis with IBS remains unraveled despite pi-
oneer reports proposing IBS to be likely associated to amebic dys-
entery in British soldiers [16], because subsequent studies carried 
out in Indian individuals and further at Nicaragua did not demon-
strate an actual relationship [83]. However, more recent case-con-
trol studies in an Indian tribal cohort showed Giardia as the most 
prevalent parasite in IBS patients (33/120, 27.5%) followed by 
E. histolytica (16/120, 13%) as compared to infected individuals 
without IBS (Giardia 8/80, 10% and E. histolytica 2/80, 2.5%) [84]. 
Moreover, in recent retrospective studies at Spain where 31 out of 
74 individuals were diagnosed with parasite-caused traveller´s di-
arrhea and developed PI-IBS within six months after travel return 
and parasite clearance, 20 cases were associated to Giardia, 6 to 
Blastocystis sp., 3 to Dientamoeba fragilis while 2 cases were associ-
ated to previous E. histolytica infection [85]. Thus, the latter studies 

provide a suggestive basis to associate E. histolytica infection with 
both IBS and PI-IBS, albeit future studies around these notions are 
mandatory.

Pathogenesis of IBS by Intestinal Helminths
Overview

Inflammation is a hallmark of IBS where cellular (i.e. predom-
inant Th1 type) host immune responses predominate, but are not 
exclusive to, infections by eukaryotic single-celled pathogens as 
those previously described. Nevertheless, these parasites could 
promote and/or directly modulate host pro-inflammatory respons-
es in order to provide a state of limited inflammation as it often 
occurs in IBS [38]. In the case of metazoan, intestinal worm par-
asites (helminths) from which extracellular, soil-transmitted nem-
atodes (e.g. Ascaris, Trichuris, Ancylostoma, Strongyloides) and in-
tracellular Trichinella along to cestodes (e.g. Taenia, Hymenolepis) 
are outstanding genera, these organisms colonize the intestines 
of humans, livestock and wild hosts. As opposite to protists, hel-
minths elicit a predominant Th2-type response that renders an 
anti-inflammatory environment in immunocompetent hosts. At 
this reductonist scenario, it could be assumed that a relationship 
of helminthic infections and IBS would be unlikely to occur. Concur-
rently the information in this sense is scarce although interesting 
insights are emerging from recent experimental research. At this 
respect, several helminths as Ascaris lumbricoides, Taenia spp. and 
Hymenolepis nana were associated in some cases (2.5-6%, 0-1% 
in controls) to IBS development in case-control studies, similarly 
to E. histolytica [84]. In the case of infections by other helminths 
as Trichuris trichura, despite its high incidence and by virtue that 
it elicits similar symptoms to IBS, this issue hampers its detection 
and relationship with IBS [86]. Nonetheless the species T. muris has 
been used to develop a PI-IBS model using Th1-biased susceptible 
AKR mice treated with oxantel pamoate, where it was found that 
the continued presence of the parasite was not necessary for the 
maintenance of eosinophil-including inflammation and gut dys-
function, and these alterations were normalized with dexametha-
sone after helminth elimination [87].

Trichinella-PI-IBS Models

The nematode Trichinella spiralis is possibly the helminth most 
closely related to IBS as judged by some reports [88]. Its life cycle 
involves the ingestion of meat contaminated by larvae that upon ac-
tivation at stomach migrate to small intestine, burrow into the mu-
cosal layer, mature into adults which reproduce and females release 
hundreds of newborn larvae that may migrate through the blood-
stream towards striated muscle, where they encyst and remain la-
tent for months or years. After several weeks (5-8 in humans and 
2-4 in rodents) adults are expelled but the intestinal inflammatory 
response remains and is then diminished by a protective Th2 re-
sponse. Based on this, from the last two decades Trichinella-infected 
rodents serve as experimental models of PI-IBS due to the transient 
infection followed by gut dysfunction and low inflammation. In the 
standard Trichinella-PI-IBS model, NIH mice are gavaged with 300-
500 larvae; at 2 weeks p.i. severe inflammation is detected and by 
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8 weeks (70 days) p.i. inflammation ceases, indicating the onset of 
PI-IBS [89]. This model has provided valuable cues about the pa-
tophysiology of PI-IBS that mimic clinical findings. These include 
immune dysfunction, where PI-IBS mice exhibit higher jejunal/ileal 
IFNγ and β7 levels, IL-10 was decreased and IL-1β remained un-
changed [90]; also, dendritic cells at lamina propia were activated 
and displayed a Th2-type response [91] which may contribute to 
the maintenance of small intestine hypercontractility [92].

Another coincident feature is visceral hypersensitivity, in which 
luminal antigen exposure maintains gut dysmotility and hyperalge-
sia that is reversed by dexamethasone [89]; here, CD11c+ lamina 
propia mononuclear phagocytes transferred from PI-IBS to normal 
mice caused visceral hypersensitivity and mucosal barrier dysfunc-
tion [93] which may be normalized by using protease activated 
receptor 2 (PAR-2) antagonists [94]. Regarding changes in micro-
biota, particularly bacterial overgrowth at small intestine (SIBO), a 
third of PI-IBS mice showed this alteration associated to decreased 
numbers of interstitial cells of Cajal and increased intraepithelial 
lymphocytes at ileum [95]. Likewise, deficiencies in absorptive/
secretory functions as that related to bile acid trafficking are repro-
duced in this model although a relationship with expression of so-
dium-dependent bile acid transporters was not demonstrated [96]. 
Furthermore, some protecting factors such as Heat Shock Protein 
70 (HSP70) have been identified; in these studies, heat–treated 
PI-IBS mice reversed intestinal dysfunction and inflammatory re-
sponses by promoting Nitric Oxide (NO) production and inhibiting 
NF-kB activation [97]. In relation to therapeutical strategies, the 
mice PI-IBS model has provided evidence on the beneficial effect 
of Rifaximin, an antibiotic that binds bacterial RNA polymerase and 
is currently approved for IBS treatment, which suppressed IL-12 
and IL-17 expression and promoted expression of tight junction 
proteins as occludin at colon and ileum with minimal effect on 
abundance of Lactobacillus and Bifidobacterium populations [98]; 
likewise probiotic Lactobacillus paracasei (or its spent medium) 
normalized the altered muscle activity and energy metabolism as 
compared to untreated PI-IBS mice [99]; in addition, treatment by 
FMT or Bifidobacterium longum supplementation restore barri-
er function and increase pain thresholds as compared to controls 
[100].

A similar model has been also established in rats infected with 
1,500 larvae then at 100 days p.i. the PI-IBS is induced by Acute 
Cold Restraint Stress (ACRS) [101]. In this model the post-infection 
stress has effectively induced intestinal dysmotility and visceral hy-
persensitivity, providing a valuable insight on the role of psycholog-
ical stress that in humans is believed to be an inducer factor for IBS 
or even PI-IBS [102]. The same model was applied in mast cell-de-
ficient rats (Ws/Ws) and, as compared to normal rats (+/+), they 
did not show disturbed neurotransmitter balance (acetylcholine/
substance P) and IL-1 β/IL-10 ratios as +/+ rats did, which also dis-
played hyperplasia and activation of mast cells, thus demonstrating 
an important role of these latter in the development of PI-IBS [103]. 
In a general landscape, these models have not only contributed to 
gain important mechanistic insights underlying the onset and de-

velopment of IBS/PI-IBS but are themselves a proof of concept re-
garding the relationship of at least these helminths with PI-IBS.

Remarks and Future Directions
Intestinal parasitic infections are embedded within the com-

plex spectrum of etiology and pathophysiology of IBS and PI-IBS 
and outstand as risk factor over viral, bacterial and fungal patho-
gens on the basis of clinical studies and epidemiological meta-anal-
yses [1,17,20,29,76]. The four protists included herein are the most 
frequent intestinal unicellular pathogens [33] while the helminths 
that may model PI-IBS (Trichinella, Trichuris) have a second-line 
frequency after geohelminths. Certainly, some environmental and 
lifestyle factors such as climate changes, intensive human traveling 
and increased globalization may worsen the epidemiological im-
pact of these pathogens. For instance, in some regions with endem-
ic parasitosis by geohelminths, the incidence of Blastocystis sp. is 
increasing not only due to changes in dietary habits, inflammatory 
intestinal diseases and even asymptomatic infections that can mod-
ify microbiota structure in people but also after mass drug adminis-
tration campaigns applied since 1990s that are devoted to deworm-
ing children [65,66]. From experimental and clinical evidence, the 
onset of IBS is preceded by acute gastroenteritis that occurs in a 
subset of protist- and helminth-infected individuals whenever as-
ymptomatic infections have a high prevalence.

As assessed here and in previous reviews [14,23,33], para-
site-derived IBS involves the following main processes: increase in 
intestinal barrier permeability, low grade of immune pro-inflam-
matory response, induction of visceral hypersensitivity and micro-
biota dysbiosis. By one side, these steps in pathogenesis are preced-
ed by the action of the so-called virulence factors, located at parasite 
cell surface or secreted into the soluble secretome or within EVs, 
which deserve not only to be emphasized as the earliest event in 
IBS pathophysiology but to evaluate their individual or collective 
contribution to IBS onset (Figure 2). For instance, in the protozoan 
consensually associated to IBS, i.e. Giardia duodenalis, the secreted 
cysteine protease named as Giardipain-1, when expressed by plas-
mid-mediated transfection in trophozoites, these parasites caused 
chronic inflammatory infiltrates that were more severe after 6 
months p.i. –much after parasite clearance- at duodenum/jejunum 
of infected Mongolian gerbils, concomitantly to changes in microbi-
ota which were, however, not representative of pro-inflammatory 
communities, even after FMT treatment [104]. Otherwise, cysteine 
proteases from G. duodenalis were, at least in part, responsible to 
induce bacterial dysbiosis and translocation that were linked to 
up-regulation of proinflammatory molecules such as TLR4 and IL-
1β in humanized germ-free mice [105]. Conversely, the ability to 
modulate inflammation by some pathogenic protists or its deriv-
atives might be further exploited to profile new pre- or probiotics, 
e.g. Giardia EVs for colitis [55] and Blastocystis sp. for inflammatory 
diseases [65] respectively.

In addition to functional and mechanistic studies on gut dys-
function, the role of the brain-gut axis in parasite-derived IBS 
deserves further clinical research. Besides of the importance of 
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serotonin [ 9,13,53,54] and the important proximity of activated 
mast cells to colonic nerve terminations [27] with implications in 
neurotransmitter dysbalances found in stress-triggering rodent 
models [103], other factors clearly play a role. In fact, IBS does not 
only imply alterations at gut because the brain also develops ana-
tomical differences such as abnormalities in grey and white mat-
ter, fronto-limbic and sensorimotor networks and affective and 
pain processing by habenula among others. Indeed, IBS is believed 
to be a somatization of psychosocial morbidities as 40-60% IBS 
cases have comorbid depression or anxiety disorders. Recent me-
ta-analyses show that IBS-C is related with the highest incidence 
of depression (38%) and anxiety (40%) followed by IBS-D, IBS-M, 
and IBS-U [106]. As far as IBS-D and IBS-M are the most frequent 
varieties, and that protozoal infections like giardiasis, blastocysto-
sis and amebiasis may imply diarrhea-constipation alternancy, it is 
tempting to assess what IBS variety is associated to PI-IBS along to 
the presence of psychological disorders. These studies could have 
implications for the need on recent treatment approaches such as 
hypnotherapy for PI-IBS symptomatology, based on possible epi-
genetic cellular mechanisms driving long-term stress memories at 
the enteric nervous system [107]. 

Another system in the body with influence on bowel function 
is the Endocannabinoid System (ECS) that comprises two cannabi-
noid receptors (CB1 and CB2) and its cognate ligands anandamine 
and 2-Arachidonoglycerol (2-AG); noteworthy activation of CB1/
CB2 decreases intestinal motility, secretions, inflammation and 
hypersensitivity. Phytocannabinoids from Cannabis sativa (THC or 
tetrahidrocannabinol and CBD or cannabidiol) preferentially acti-
vate CB1 and CB2 respectively but THC has psychotropic effects as 
CB1 are also located at central nervous system while CB2 is present 
at peryphery including the gut and immune cells. Therefore, can-
nabinoids have been used in IBS and SNPs at gene members of ECS 
have been proposed to be linked to IBS [108]. Dronabinol, a com-
mercially available CB2 agonist showed improvements in colonic 
motility and fasting left in IBS-D and IBD-M patients; indeed, CBD 
analogs have been proposed for IBS-D therapy and CBD2 antago-
nists to relieve IBS-C [109]. Moreover, Phyto cannabinoids from C. 
sativa have promising antiparasitic activities [110]. Notwithstand-
ing these facts, the use of (phyto)cannabinoids remains controver-
sial hence the use of THC and even CBD in medical research is wait-
ing for legalization in most countries worldwide. 

Conclusion
Parasitic intestinal infections are a relevant contributing factor 

for IBS onset and PI-IBS development where clinical studies lead-
ing to meta-analyses and experimental models provide a deeper 
understanding of the etiology and pathophysiology related to this 
inflammatory disorder. The association of IBS with the four intes-
tinal protists and helminths used to model PI-IBS assessed herein 
is gaining consensus, particularly for G. duodenalis, albeit evidence 
for the others is not compelling to date. Indeed, the control of IBS 
involving diagnosis and detection of intestinal parasites in more 
prospective and retrospective clinical studies including the routine 

application of the Rome criteria as well as additional alternatives 
for treatment including new drugs, phytochemicals and pre/pro-
biotic blends combined to psychological support on demand still 
warrants further research.
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