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Human gut protozoa and helminths: from 
parasitism to therapy
The human body has a multitude of microorgan-
isms, in a number of at least 1014. The associated 
microbial communities are called microbiota and 
the genes encoding it form the microbiome. The 
vast majority of these microbes inhabits the human 
gastrointestinal (GI) tract and display an intricate 
ecosystem of Bacteria, Archaea, and Eukarya, that 
plays an important role in the maintenance of phys-
iological homeostasis, through the regulation of 
immunity, the metabolism of nutrients, and the 
protection against the pathogenic invasion.1,2 When 
this homeostasis is broken, a deranged state, called 
dysbiosis, comes up. Thus, the gut microbiome 
(GM), with its varied influence on physiological 
functions, can be addressed as a ‘superorganism’.3

Researchers have emphasized that common eukary-
otic parasites colonize the intestine alongside bacte-
rial gut microbiota (BGM).4–6 Preliminary evidence 
suggests that parasites may play a role in many GI 
pathologies, such as the irritable bowel syndrome 
(IBS) and inflammatory bowel diseases (IBD).7

Intestinal helminth (multicellular worms) and 
protozoan (single-celled) parasites are responsible 

for the prevalent parasitic infections in developing 
countries, whereas in developed countries the pro-
tozoan parasites are found to cause acute GI infec-
tions. The common helminths that reside in the 
human gut are Nematodes (roundworms), 
Cestodes (tapeworms), and Trematodes (flat-
worms) and their infection is typically due to lack 
of sanitation. The most common intestinal proto-
zoan parasites include Giardia intestinalis, 
Entamoeba histolytica, Cyclospora cayetanenensis, 
and Cryptosporidium spp.6 Although high morbid-
ity and mortality due to intestinal parasites have 
been reported in endemic countries (especially in 
children), indigenous populations show better tol-
erance than Western populations, which corre-
sponds well with the ‘hygiene hypothesis’.8,9 
Intestinal parasites and parasitic secretions have 
shown to stimulate and train the innate and adap-
tive immune regulatory pathways, modulating the 
immune responses.9 Hence, a new outlook with 
curative roles have been reported for otherwise 
notoriously perceived parasites.

A number of studies have suggested beneficial out-
comes such as eubiosis related to parasites,10–12 
though further advancement may be required. 
Increasing evidence suggests that specific parasitic 
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species could alleviate the symptoms of IBS, 
Crohn’s disease, Type 1 diabetes (T1D) and even 
arthritis.9 However, there are also studies that sup-
port the role of parasites as triggers of some disor-
ders, such as multiple sclerosis (MS).13

Although there are limited data of the role of gut 
parasites and their interaction with the BGM, the 
advent of ‘omic’ technologies has revolutionized 
the study of gut ‘parasitome’ and has elucidated 
the relationships among them, the host, and resi-
dent prokaryotes, whether pathogens or 
commensals.14

The focus of the present review is to discuss 
recent discoveries on human intestinal parasites 
that colonizing humans’ enteric niches, and their 
interaction with the host (beneficial or detrimen-
tal) and the other gut microorganisms. We also 
looked into their immunomodulatory mecha-
nisms, as well as their potential use as therapeutic 
strategies in human diseases.

Pathogen or commensal citizens of  
the healthy gut parasitome?
The human GM is composed of a complex com-
munity of micro- and macro-organisms. Although 
majority of the organisms are bacteria, fungi, 
viruses, protozoans and metazoans also inhabit 
the intestine tract.15 The GM can be divided into 
prokaryotes (bacteria and archaea), bacterio-
phages, eukaryotic viruses, and the meiofauna 
(Figure 1).

The human GI tract is one of the most complex 
microbial ecosystems on Earth, as it harbors 100 
trillion prokaryotic cells (1011 to 1012 cells/mL).16

The GI tract is also colonized with less abundant 
microbial eukaryotes, including a fungal microbi-
ome (mycobiome).17 Combined, these microbial 
eukaryotes constitute the meiofauna,18 namely 
metazoans with body sizes between 45 µm and 
1 mm and also eggs and juvenile stages of larger 
species, including those of parasitic helminths. 
There is a growing body of evidence showing that 
eukaryotic parasites are often commensals, and 
some might even have a positive effect on host 
health.11,12,19 Lately, many studies on gut proto-
zoan and helminth species have investigated their 
relationship with BGM. Parasites and microbes 
have co-evolved along with the intestinal immune 
system and exhibit a complex interaction network 

within the human mucosa.20 Most parasites dis-
play strong immunomodulatory characteristics 
enabling them to colonize and persist in the intes-
tine. Conversely, gut bacteria may also play a role 
in modulating the pathogenicity of a parasite.

The relationship between several gut parasites and 
bacteria has been identified in different settings. 
Escherichia coli can promote hatching of Trichuris 
muris eggs.21 Recently, the disruption of mucosal 
microbiota biofilm has been identified as a patho-
genic pathway of Giardia.22 Moreover, the viru-
lence of Entamoeba histolytica appears to depend 
on its interaction with gut bacteria. E. histolytica is 
capable of shifting the BGM toward a pathogenic 
profile through selective phagocytosis of healthy 
bacteria such as Lactobacilli.23 Correspondingly, 
alterations in BGM induced by helminth-infec-
tions could worsen bacterial colitis.24

Until few years ago, parasites were considered 
always harmful, but accumulating evidence 
from parasite-screening studies reveal that sev-
eral protozoans and helminths, previously 
thought to be pathogenic, are in fact highly fre-
quent in the gut microbiome of healthy individ-
uals, including some protozoans such as Giardia, 
Entamoeba, Dientamoeba and Blastocystis.11,12,25 
This issue is still controversial, as the evidence 
is still conflicting.

Some of these parasites, for example, Giardia duo-
denalis, can cause clinical symptoms, including 
malabsorptive diarrhea, abdominal cramping, 
and weight loss, so their general categorization as 
commensals is arguable (Text Box 1).25,26

However, studies on Giardia infections in chil-
dren from endemic countries, such as Bangladesh, 
suggest that they are not associated with diarrhea 
and that does not affect child development.32 
Similarly, a study by Holtman et  al. ruled out 
Dientamoeba fragilis as a cause of GI symptoms in 
children.33

Moreover, the presence of some parasites has 
been associated with microbiological and/or clini-
cal benefits. Entamoeba spp. (other than 
Entamoeba histolytica) and Blastocystis spp. in the 
gut was associated with greater bacterial diversity 
(a marker of healthy gut microbiome),11,12 and a 
decrease in the abundance of these organisms has 
been associated with IBS and IBD,11 while low 
prevalence of Blastocystis hominis and Dientamoeba 
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Figure 1. Human gut biome characterized by bacteriome, virome and meiofauna.

Text Box 1. Blastocystis hominis debate.

B. hominis, found in human GI tract, varies genetically owing to the 17 subtypes delineated by the small 
subunit rRNA gene. The subtypes (ST) differ across different types of hosts and is distinct in its prevalence 
in the world. Subtypes ST1, ST2, ST3 and ST4 are the recurrent subtypes among the nine that infect 
humans.27 Despite the understanding of the subtypes, the correlation between parasite virulence and the 
genetic subtype of the protozoa is still debatable.28 Infections caused by Blastocystis in humans results 
in diverse GI signs and symptoms including diarrhea and abdominal pain. Although initially, Blastocystis 
was considered as an infectious agent, several studies show high prevalence of the protozoan in healthy 
individuals without causing symptoms.11 Furthermore, studies on Blastocystis infected individuals with 
IBS showed decline in pro-inflammatory bacteria, and without IBS showed a decline in anti-inflammatory 
bacterial spp. (Faecalibacterium prausnitzii),29 hus, reinstating the correlation of Blastocystis to the 
pathophysiology of IBS and BGM imbalance. Consistently, Audebert and colleagues found a possible 
relationship between the presence of Blastocystis and an increase in the diversity and abundance of 
BGM, mainly observed as increase in the class Clostridia and a reduction in the family Enterobacteriaceae, 
which suggested that Blastocystis is correlated with a healthy gut microbiota.30 Blastocystis has also been 
associated with markers of eubiosis, i.e. low relative abundance of Bacteroides and Clostridial cluster 
XIVa, and high Prevotella; or high Clostridia and low Enterobacteriaceae.12,31 Such findings suggest that 
this parasite is a ubiquitous and diverse member of the healthy gut microbiota, and exemplifies long-term 
host colonization without prompting disease. Hence, Blastocystis is concomitant to the adverse, but certain 
compelling evidences where a higher microbial richness in the intestines colonized by Blastocystis has 
been observed, raises questions of its pathogenicity versus beneficial effects to intestinal health.
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fragilis has been linked to ulcerative colitis.34 
Another interesting metagenomic survey by 
Beghini et  al.showed higher correlation of 
Blastocystis in healthy control individuals when 
compared to subjects with obesity, Crohn’s dis-
ease and colorectal cancer, suggesting it could be 
obligatory for host health.35

The BGM of Blastocystis-positive subjects (alone 
or along with Dientamoeba fragilis) is character-
ized by a low relative abundance of Bacteroides 
and Clostridial cluster XIVa, and high levels of 
Prevotella.36 Moreover, Morton and colleagues 
demonstrated that carriers of Entamoeba dis-
played prevalence of bacterial taxa that are nega-
tively correlated to autoimmune diseases.27

Likewise, there is a growing interest to under-
stand the association of helminthic parasites and 
host health. Helminths have evolved many fasci-
nating molecular mechanisms to regulate host 
immune response in order to evade expulsion.37 
At the same time, human hosts have co-evolved 
an immune system (IS) innate response to pro-
duce Th2-mediated type 2 immune response in 
order to minimize helminth virulence and pro-
mote intestinal tolerance.38 Recently, the pres-
ence of certain helminths has been correlated 
with increased BGM diversity, as well as low 
occurrence of inflammatory and autoimmune dis-
eases.10,38 In endemic countries, for instance in 
Malaysia, indigenous populations colonized by a 
variety of helminths including Trichuris spp. 
(whipworms) and Ascaris spp. (roundworms) 
showed enrichment of protective bacteria (for 
instance, Clostridiales) within the gut.10 In par-
ticular, the presence of the Trichuris spp. strongly 
correlated with an increase in Paraprevotellaceae 
among the Orang Asli community of semi-urban 
Malaysia.10,39 The beneficial role of intestinal 
hookworm Necator americanus was exemplified by 
trials where deliberate infections with the nema-
tode lead to better gluten tolerance in some 
patients with celiac disease.40 Moreover, experi-
ments in Nod2 deficient mice demonstrated that 
presence of the helminths Trichuris muris and 
Heligmosomoides polygyrus suppressed symptoms 
of Crohn’s disease by inhibiting growth of pro-
inflammatory Bacteroides spp. Bacterium.41 The 
group also investigated BGM in helminth-
endemic regions, revealing a higher Clostridiales 
to Bacteroidales ratio.41 The ability of helminths 
to promote protective bacterial species in the gut 

is already being tested as a novel therapeutic 
strategy for inflammatory diseases.38,40

In spite of these substantial evidences, the molec-
ular mechanisms by which parasites alter BGM 
and vice versa remains largely unknown. Besides, 
we must not forget that these organisms are wired 
to be pathogenic by nature. Hence, the line 
between commensalism and pathogenicity is 
blurred, and the clinical outcome could be deter-
mined by many factors related to the host, to the 
BGM, and to parasites themselves, that are yet to 
be elucidated.

Issues in the assessment of  
commensal parasitome
Our lack of knowledge on gut parasitome is in 
partly due to the delayed interest of research, and 
also a lack of reliable research tools. It is not 
always possible to differentiate colonization from 
invasion and these phenomena also vary depend-
ing on the phenotype and parasite strain variabil-
ity, even within genera. While acute diseases 
caused by certain parasites (in example, 
Microsporidia, Cryptosporidium spp., and Giardia 
intestinalis) usually result in rapid clearance of the 
parasite and provide long term immunity, some 
species (for example, beneficial flagellates and 
immune-tolerant protozoans) establish long term 
colonization in the host.19 The potential patho-
genicity of a gut parasite is determined by several 
factors, including the localization of the parasite 
within the gut (i.e. small intestine or colon, and 
lumen versus epithelium),19 host’s age, health sta-
tus and geography.12 The sociodemographic and 
cultural characteristics of particular communities 
predispose an individual to parasitic tolerance or 
disease. However, growing evidence point out 
that the gut microbial environment plays a signifi-
cant role in influencing clinical manifestations. As 
mentioned earlier, the bacterial composition of 
the gut can skew parasite characteristics toward 
pathogenesis or commensalism. Therefore, the 
study of host-bacteria-parasites interactions and 
the understanding of the dynamics of this molec-
ular crosstalk becomes necessary. Formerly, most 
researches conducted in Western countries pro-
duced data geographically biased. It is now well-
understood that there is an inherent difference in 
the diversity of gut parasitome in high- versus 
low-income countries, that is shaped by factors 
such as diet, hygiene practices, medications, 
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demography. Indeed, improved sanitization, food 
sterilization and usage of antibiotics can lead to a 
lower diversity of parasitic species which in turn 
affects the bacterial microbiota.11,42 Hence, age, 
lifestyle, environmental changes, social and 
demographic factors and public health system are 
different disease drivers affecting parasitome 
profiling.43

The advent of high-throughput quantitative PCR 
and sequencing techniques have enabled scien-
tists to detect and differentiate the wide-ranging 
microorganism diversity within the intestine. 
Nowadays, various experimental methodologies 
have been adopted to delineate the host-BGM-
parasite interactions including parasite life cycle, 
microbiota surveys and in-vitro or in-vivo experi-
mental models.12 Surveys majorly rely on targeted 
metagenomic examination by 16 S rRNA/18 S 
rRNA analysis and PICRUSt analysis to under-
stand GM composition and function, respec-
tively.12,44 Shotgun metagenomics sequencing 
allows simultaneous investigation of prokaryotic 
and eukaryotic genomes, along with GM struc-
tural and functional read-outs.11 However, one of 
the main limiting factor at present is the lack of 
metagenomic data available for several human 
gut eukaryotic parasites. Consequently, metatran-
scriptomics, metaproteomics, and metabolomics 
studies present reliable tools to gain better insights 
on the parasitome. Metabolomics, in particular, 
can shed light on the modulatory effects of bacte-
rial and parasitic metabolites on each axis of the 
host-bacteria-parasite network. Thus, while 
designing experiments and surveys it is always 
important to take a holistic approach for compre-
hensive results.

Other issues in the evaluation of parasites could 
rely in other steps of analysis, including protocols 
of genome extractions. In a recent comparative 
evaluation of five commercial methods, the com-
bination of combining chemical, enzymatic and/
or mechanical lysis procedures at tempera-
tures  > 56°C were proven more effective in 
releasing DNA from Cryptosporidium oocysts.28 
However, extraction protocols using strong 
homogeneization/lysis steps for fungi and protists 
may bring to degradation and release of bacterial 
DNA. In conclusion, several steps of the analysis 
process, from DNA extraction to sequencing, 
may accoung of discrepancies in findings of gut 
microbial analyses.

The Parasitome as an immunological driver
A growing body of evidence suggests that gut par-
asites may potentially have a deep impact on our 
immune system (IS) (Figure 2).

Apart from the specific host immune responses 
they elicit, chronic infections might lead to altera-
tion of immune response toward bystander path-
ogens, allergens and vaccines. Both protozoans 
and helminths activate the host innate and adap-
tive immune system (IIS and AIS) via immuno-
logical pathways involved in parasite recognition. 
It has been evidenced that IIS activation occurs 
through toll-like receptors (TLRs), macrophages 
and neutrophils, and AIS activation through 
T-cells and antibodies. Conversely, parasites can 
inhibit the IS by means of their molecular secre-
tions. Due to the extensive repertoire of gut para-
sites with unique molecular pathogenicity, it is 
difficult to generalize the immunological effect of 
each organism.

Parasites as IS activators or enhancers
Protective immune response to most parasites 
often occurs in the case of mucosal invasion and 
this mainly involves secretion of cytokines by the 
intestinal epithelial cells (IECs).7 Specific 
cytokines recruit innate immune cells including 
neutrophils and macrophages, leading to subse-
quent effector responses. Recently, tuft cells 
were also identified as early responders to proto-
zoan and helminth infections.45

Activation of TLRs has been evidenced in proto-
zoans such as Giardia and E. histolytica.28 TLRs 
affect the functioning of antigen-presenting cells 
(macrophages, dendritic cells, etc.) dictating the 
downstream pathways involved in AIS. Activation 
of the AIS involves Th1 or Th2 mediated response 
by triggering production of pathogen-specific 
CD8 + T-cells and IgM, IgG, IgA antibodies. 
IFNγ, a Th1 cytokine recently identified as a key 
player in host inflammatory response induced by 
apicomplexan pathogens, drives IIS and AIS by 
inducing production of antimicrobial peptides 
(AMPs), nitric oxide (NO), reactive oxygen spe-
cies (ROS) and Th1 cytokines.28 In another 
example, excretory/secretory products (ESPs) 
from Giardia trophozoites demonstrated activa-
tion of MAPK and NF-κB pro-inflammatory 
pathways resulting in cytokine production includ-
ing TNF.46 Lately, stimulation of nod-like 
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Figure 2. Immune response to gastrointestinal nematode infections. (a) Detection and transmission phase in 
the intestinal epithelial layer. Type 2 immunity against nematodes results from recognition of parasite-derived 
antigens that are continuously secreted during infection. Once a parasite has been detected by the epithelium 
and/or other nonhematopoietic cells, the signal is transmitted to cells of the innate immune system and 
an inflammatory cascade can be initiated. (b) Induction of immunity in the lymphoid tissue. Once the innate 
immune system has been alerted to the presence of nematodes, it propagates the signal to the mesenteric 
lymph nodes for an adaptive immune response. This role is mainly performed by the dendritic cells whose 
determine the T and B cell activation. (c) Expulsion of the parasites from the intestine and resolution of the 
response.
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receptors (NLRs) and inflammasomes have also 
been described in E. histolytica infection 
models.47

As for helminth infections, a type 2 immune 
response is usually observed. Recognition by the 
IS can in part be triggered by epithelial damages, 
as exemplified in the case of H. polygyrus or 
Nippostrongylus brasiliensis. This leads to release of 
damage-associated molecular patterns (notably 
ATP and uric acid), proallergic alarmin cytokines 
(in example IL-33 and IL-25) and thymic stromal 
lymphopoietin, along with general inflammatory 
cytokines such as IL-1α and granulocyte-mac-
rophage colony-stimulating factor (GM-CSF). 
The alarmin cytokines IL-33 and IL-25 are potent 
activators of the type 2 responses, by promoting 
activation and differentiation of type 2 innate and 
adaptive lymphoid cells.37,48 Moreover, helminths 
(eg. Schistosoma mansoni and Ascaris lumbricoides) 
activate TLR2/4 and TLR9 pathways to promote 
type 2 response.49 Another noteworthy experi-
ment by Dubey et  al. established that increased 
antibody response to helminth infection is due to 
the de-novo B-cell follicle formation in an IL-4Ra-
dependent manner. They found that chronic H. 
polygyrus bakeri infection in mice leads to IL-4Ra 
signaling, which promotes lymphotoxin expres-
sion by hematopoietic cells thereby causing 
remodeling and proliferation of stromal cells. 
This mechanism could probably help against 
constant re-infection and keep a check on the 
parasite burden.50

More recently, the succinates produced by some 
parasites, both helminth and protozoan 
(Nippostrongylus brasiliensis and Tritrichomonad) has 
been proven to be one of the molecules activating 
the tuft cells-mediated immune response.51 
Activated tuft cells secrete IL-25, which in turn 
induces type 2 ILC2s to produce IL-13. In a posi-
tive feedback loop, IL-13 and TRMP5 induces dif-
ferentiation of epithelial cells (IECs) into more tuft 
cells.51 Moreover, Solaymani-Mohammadi et  al. 
investigated the role of IL-21/IL-21R signaling 
pathway in both protozoan and helminth infec-
tions. Finally, IL-21R seems to be upregulated in 
parasitized organs leading to IL-21/IL-21R induced 
IFNγ-mediated inflammatory pathways.52

Parasites as IS suppressors
The immune response to parasites can vary mark-
edly in acute versus chronic infections. Gut 

parasites have developed a number of molecular 
mechanisms to evade or moderate the host IIS 
and AIS, that can ultimately lead to establish-
ment of chronic immune disorders, or on the 
other hand, a chronic asymptomatic commensal/
symbiotic relationship.

Protozoans are known to produce numerous 
types of virulence factors that can directly weaken 
the host immune response. For instance, E. histo-
lytica can downregulate IL-1b expression by pro-
ducing monocyte locomotion inhibitory factors.47 
Similarly, Giardia can inhibit nitric oxyde(NO) 
production by (i) competing with arginine, the 
substrate for NO synthase, and also (ii) by secret-
ing flavohemoglobins that has NO reductase 
activity.53 Moreover, there is increasing evidence 
that chronic Giardia infection can downregulate 
inflammatory pathways. In cattle, Giardia infec-
tions were shown to upregulate anti-inflammatory 
transcription factor peroxisome proliferation acti-
vation receptor γ (PPARγ).46 tSeveral Giardia 
proteases can cleave pro-inflammatory NF-κB 
transcription factor.53 Furthermore, the upregu-
lation of T-regs have been reported as an immu-
nosuppressive strategy in many protozoans 
including Leishmania major and Toxoplasma gon-
dii.54 Correspondingly, the anti-inflammatory 
IL-10 cytokine is often upregulated in leishmani-
asis and toxoplasmosis, and also in other proto-
zoan diseases including malaria and 
trypanosomiasis.54 Downregulation of TLRs, 
particularly TLR2, is an alternative strategy con-
firmed in Trypanosome spp. and E. histolytica.49 
Taken together, in general, the localization of 
these protozoans in the case of chronic asympto-
matic infections are yet to be ascertained. Most 
probably, they could be floating within the intes-
tinal lumen to exert prolonged immunosuppres-
sive effects.

Similarly, chronic infections caused by helminths 
also tend to decrease pro-inflammatory 
cytokines.55 Asymptomatic helminth carriers 
show specific unresponsiveness, providing evi-
dence of immunosuppression. During asympto-
matic infections, the immunosuppressive T-cell 
subset, Tregs, are significantly increased by the 
parasite and molecular balances are altered. A 
relative increase in IL-4 compared to IL-17 and 
IFN-γ is observed, and elevated levels of regula-
tory IL-10 and TGF-b. In this context, it has also 
been shown that Treg cells drive the isotype 
switch from the pro-allergenic/inflammatory IgE 
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to non-inflammatory IgG4. Some filarial para-
sites also downregulate the effector cell popula-
tion (they require restimulation for activation), 
introducing one more level of immune downregu-
lation.37,48 Another intriguing strategy of immu-
nosuppression has been shown by Schistosoma, 
wherein repression of TLR genes occur by week 8 
of infection.49 Again, in H. polygyrus, the ESP 
Alarmin Release Inhibitor (HpARI), is responsi-
ble for attenuating IL-33 pathway resulting in 
dampened type 2 responses and inflammation.56 
As reviewed by Maizels et al., several other ESPs 
have been discovered that are known to down-
regulate host IS.57

In totality, other resident bacteria and parasite 
commensals can have an antagonistic or synergis-
tic immunosuppressive effect. For example, bac-
terial species such as Escherichia coli and Yersinia 
spp. also exhibit NF-κB inhibitory mechanisms.53 
Hence, the final outcome could be a balancing act 
between parasite, bacteria and host.

Parasites as IS regulators: consequences in 
clinical settings
The immune modulatory mechanisms by para-
sites have shown to influence the host IS in the 
context of vaccines, allergy, infectious diseases, 
inflammatory diseases, metabolic disorders and 
others.

Studies showed an increased number of immune 
cells and as well as levels of inflammatory 
cytokines in presence of the commensal protist 
Tritrichomonas musculis in mice that conferred 
protection against mucosal infection by Salmonella 
typhimurium.58 They found that this was attained 
by the activation of the host epithelial inflamma-
some and inducing IL-18 production, the latter 
promoting T helper Th1 and Th17 immunity via 
dendritic cells, without inducing any tissue 
damage.58

Helminths have been designated as ‘master regu-
lators’ of host IS so as to warrant a lifelong mutual 
relationship. The steering of immune response in 
the Th2 direction, thereby muting Th1/Th17 
pathway has been strongly correlated to a low risk 
of autoimmune diseases. On the other hand, they 
are also capable of weakening the host protective 
Th2 immune response via expansion of regula-
tory cells, anti-inflammatory cytokines and anti-
body isotype switching. Since allergies are 

typically IgE-mediated, this modified Th2 
response has been linked to alleviation of allergic 
symptoms in experimental animal models carry-
ing Schistosoma mansoni, H. polygyrus and 
Trichinella spiralis among other helminths. 
Moreover, helminth protease inhibitors (e.g. cys-
tatins and serpins) and numerous other ESPs are 
known to interfere with antigen-presentation, 
complement pathways and inflammation which 
has been reviewed elsewhere.57,59

Helminth colonization can also influence the 
human response to pathogenic infection. The 
presence of Ascaris lumbricoides, Trichuris trichiura 
and Strongyloides stercoralis have shown a protec-
tive role against malaria,60 whereas helminths 
show a synergistic effect in the progression of 
tuberculosis.61 Another recent experiment in 
mice suggest that chronic gut-restricted H. poly-
gyrus infection can enhance neutrophil responses 
to Pseudomonas aeruginosa infection.62 
Furthermore, downregulation of TLR and other 
pattern recognition receptors (PRRs), along with 
a low-key Th1/Th17 response can lead to insuf-
ficient immune response to vaccines. This has 
been well studied in the case of vaccines against 
Mycobacterium tuberculosis (BCG vaccine) where, 
deworming can reverse this effect.61 
Correspondingly, a study by Haben et al. indicate 
intervention of follicular T helper cells (TFH) 
induction by helminths as another mechanism 
that dampens vaccine efficacy.63

In addition, chronic parasitic colonization, mainly 
helminths, has shown immunomodulatory impli-
cations in a wide array of pathologies, including 
inflammatory disorders (Text Box 2), co-infec-
tions, diabetes and cancer (Text Box 3). The 
majority of these studies have been focused on 
helminths, and data on protozoans are quite 
limited.

Parasites are involved in IS development  
during early life
There is an established association between lower 
incidence of autoimmune disorders and higher 
prevalence of parasites infections,9 supporting the 
hygiene hypothesis. This hypothesis could be 
explained by a change in the healthy components 
of the gut ecosystem over time, leading to a lack 
of training of the IS.51 This ‘training’ is now 
known to happen not only during the early years 
of life, but even before that, in the prenatal stage.
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The involvement of TLRs in the IS training, acti-
vated by both commensals and pathogens is sup-
ported by consolidated experimental data.9 
Consistently with this notion, studies prove that 

TLR agonists have the ability to train the fetal IIS 
during pregnancy. In utero exposure to HIV TLR 
agonists show an enhanced cytokine profile, 
whereas malarial TLR agonists have shown a 

Text Box 2. Parasites in IBS and IBD.

Evidences show that a direct correlation exist between loss of parasite colonization and a rise in 
autoimmune disorders such as IBD and IBS in the individuals living in developed countries. IBD and IBS 
qualify as the most important immune-mediated intestinal conditions.9 IBS is described as a common, 
long-term condition of the digestive system characterized by bloating, diarrhea and/or constipation. IBS 
cases reported to occur following enteric infection with different pathogens are called post-infectious 
IBS (PI-IBS) with symptoms shown to persist for ⩾ 10 years following the infectious enteritis episode.64 
Plausible role of B. hominis, C. parvum and Giardia spp. in patients with diarrhea-predominant-IBS has 
been suggested along with bowel dysfunction due to the penetration of mucosal layer.6,65 In the case of 
the nematode Trichinella, IBS is seen as a secondary syndrome. Also, Dientamoeba fragilis and Haplorchis 
taichui are considered etiologic agents for IBS-like symptoms.6 IBD is described as an idiopathic, chronic, 
and recurring inflammatory disease of the GI tract characterized by ulcerative colitis (UC) and Crohn’s 
disease. The symptoms in this disorder appear as chronic abdominal pain and changed bowel habits. 
Several investigations found out that intervention in the gut microflora contributes to the etiology which 
is otherwise unclear.6 In IBD, we observe a shift from mostly strict anaerobic bacteria to facultative 
anaerobes (notably Enterobacteriaceae). The negative association between Blastocystis and Bacteroides can 
be explained by the fact that Bacteroides contribute less to butyrate production (which is then used in a 
reaction consuming oxygen, maintaining an anaerobic environment in eubiosis) than Firmicutes.37 Studies 
showed that Tritrichomonas musculis infections increasing inflammation level can lead to T-cell mediated 
colitis.31,58 The frequent occurrence of Blastocystosis in patients with IBD have been reported.6 Moreover, 
studies demonstrate that T. gondii infection influences small intestine necrosis and cell death in sensitive 
patients with IBD.6 Contrary to the protozoans’ negative impact, helminthes such as Trichuris suis, Trichuris 
muris, Nippostrongylus brasiliensis and Trichinella spiralis appear to harmonize the symptoms of IBD and 
ameliorate host immunity in various experiments.6,9 However, mice studies on Citrobacter rodentium-
induced colitis, Heligmosomoides polygyrus was shown to exacerbate the symptoms through a Th2-
mediated GM composition alteration, underlining once more the effects of helminths on immune pathways, 
microbiota composition and severity of GI tract disease at the same time.24

Text Box 3. Parasites and GI cancerogenesis.

The International Agency for Research on Cancer (IARC) identifies parasites as one of the infectious 
agent to cause cancer disease in humans. Research on understanding the oncogenic potential of certain 
parasites have gained traction in the recent years. Several protozoan and helminth species have been 
associated with GI carcinomas including gastric, colorectal and liver cancer.
Chronic infections by T. muris, Platynosomum fastosum, C. parvum, T. gondii, Trichomonas vaginalis, Fasciola 
gigantica and Strongyloides stercoralis have shown inflammation driven generation reactive oxygen species 
(ROS) that can lead to carcinogenic mutations.66 T. muris and C. parvum is reported to be concomitant with 
exacerbated intestinal tumors.66 Recently, C. parvum induced ileocecal tumors was shown to be caused by 
alteration of several intracellular pathways including the Wnt-signaling pathway.67 The causal link between 
(i) liver flukes (such as Opisthorchis viverrini and Clonorchis sinensis) and cholangiocarcinoma, and (ii) blood 
flukes (such as Schistosoma japonicum and S. mansoni) and colorectal cancer has been documented.68 
Chudnovskiy et al. observed that Tritrichomonas musculis can induce colorectal carcinoma in mice.58 Some 
studies have suggested Blastocystis spp. as a causative agent of colorectal cancer (80%) by facilitating 
proliferation of colorectal cancer cells and down-regulation of the host immune cell response.69,70

Moreover, certain microbiome signatures have been described in different cancers, but the role of gut 
parasites in the BGM-cancer axis remains unexplored (see Outstanding Questions).71 Future experimental 
and population studies can pave way for better comprehension of the association between parasites and 
cancer. This will also help in exploring reliable clinical biomarkers for diagnostics and prognostics. The 
possibility of helminths and their secretory products as therapeutics is also being investigated (see Text 
Box 4).
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reduction in IIS cytokines.72 Besides, the develop-
ment of fetal AIS is dependent on the IIS evoked 
by maternal inflammation. Interestingly, data 
shows immunosuppressive effects of some para-
sites, notably an increased IS tolerance of the new-
born from a helminth-infected mother, that 
appears to lead to increased susceptibility to fur-
ther infections, up to 17 years later.37,72 Conversely, 
this immune tolerance lowers the risk of autoim-
mune and atopic diseases. Likewise, in urbanized 
settings where helminth infections are negligible, 
other pathogens, including T. gondii, can bring 
about the same effect.72 To sum up, maternal par-
asite infection can sensitize neonatal IS develop-
ment, probably via a mechanism involving fetal 
hematopoietic stem cells.72 In this perspective, the 
trajectory of fetal IS development could be deter-
mined by the degree of maternal infection, the 
duration and co-infections, among other unknown 
factors. Deworming prior to vaccination in chil-
dren (especially in endemic countries) could be 
more effective in the development of AIS. 
Although several associations between parasites 
and IS development have been found, the exact 
molecular mechanisms are yet to be unfolded.

Where does the bacterial microbiota fit in? 
Parasite-bacteria cross-talks in colonization 
and infection processes
The interaction between GBM and parasite 
appear to influence gut colonization and infection 
processes.

Numerous research groups have investigated the 
complex interaction between gut parasites and 
common bacterial/viral infectious diseases. 
Certain commensal parasites have shown to affect 
viral pathogenicity, for instance, disease aggrava-
tion in the case of Schistosoma mansoni and hepa-
titis C manifestations.60 A similar controversial 
relationship has been established in several para-
site-bacterial co-infections. Pseudomonas aerugi-
nosa and Escherichia coli have shown to inhibit 
Plasmodium falciparum life cycle,60 while hel-
minths are most likely to aggravate clinical mani-
festations of Mycobacterium tuberculosis and 
Salmonella infections.60,61

Researches have also shown that the interaction 
between Entamoeba species and intestinal bacte-
ria plays a significant role in the regulation of 
amebic virulence and coculture with E. coli can 
lead to either an increased or decreased virulence 

of E. histolytica depending on the host back-
ground.73,31 Studies show a correlation between a 
high parasite burden in presence of Prevotella copri 
and symptomatic infections with E. histolytica.12 
Lactobacillus casei and Enterococcus alone inhibits 
E. histolytica survival by 71%, with synergic 
effect.31 Moreover, Lactobacillus species (L. john-
sonii, L. casei and L. rhamnosus) promote Giardia 
clearance, while bacteriocins produced by L. aci-
dophilus (P106) and L. plantarum (P164) decrease 
parasite adhesion.74

Concluding remarks and future perspectives
Over the last two decades, helminths and proto-
zoans, previously considered only as pathogens, 
have been being increasingly suggested to be also 
commensal, protective or even curative microor-
ganisms. These findings essentially point out that 
most of these primarily-considered ‘parasites’ 
could have an evolutionary history, tipping the 
balance toward commensalism, where they have 
adapted to live off the host without causing any 
harm. But then, it is important to keep in mind 
that for most of these data, there are other studies 
that have found opposite results. A likely explana-
tion for these differences can be attributed to vari-
ous parameters affecting the study design and 
protocols. One of the major factors is the host 
genetic background, which has a major influence 
on susceptibility to a given microbe. 
Epidemiological studies have been able to suc-
cessfully link unique gene loci to parasitosis sus-
ceptibility.75 Second, the method of analysis 
which includes the type of sample used for 
sequencing, the workflow standardization, and 
lab to lab or operator variability, can also create a 
bias in the results. Moreover, the majority of the 
studies rely on fecal samples, which does not give 
enough information of the localization of the par-
asite within the GI tract.

Nonetheless, even though the changes induced by 
parasitic infection can differ from one study to 
another, the broad mechanisms involved (Th1/
Th2/Treg balances in immunity, bacterial com-
position modifications) remain consistent. Hence, 
the wide spectrum implications of human gut 
parasites are no longer debated. The new thera-
peutic applications allow a wide scope of use of 
parasites. While bacteria are already in common 
use for pre- and probiotic therapies, parasitic 
therapy is still preliminary (Text Box 4). Further 
characterization of the human gut-parasitome is 
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needed, and this will require time and new tools. 
The -omics analysis ((meta)genomics, (meta)
transcriptomics, (meta)proteomics, (meta)
metabolomics) represent a robust tool for such 
type of studies.14

In this context, the application of ‘big data’ meth-
odologies to GM may boost this intervention. 
The introduction of sequencing technologies has 
revolutionized the field, enabling investigators to 
characterize microbial communities directly from 
feces. By utilizing larger datasets, researchers are 
able to design large-scale studies to ask (and 
answer) complex questions. Metadata associated 
with samples is becoming an increasingly large 
contributor to microbiome big data and the chal-
lenges associated with streamlining data analysis. 
The successful application of big microbiome 
dataset analysis has already provided relevant 
insights for other areas of research such as epide-
miology, agriculture, and healthcare. Since gut 
microbiota composition differs widely according 

to host genetics, diet, lifestyle and geographical 
location, we stress on the fact that the application 
of big data methodologies to gut microbiota could 
be of utmost importance in order to have a wide 
understanding of various complex diseases.

In recent times, the application of microbial-
based big data in patients with cancer has gained 
considerable attention. Current microbiota-based 
data (largely gut bacteriome) that are available in 
patients with cancer (and patients undergoing 
immunotherapy) are interesting, but is not yet 
definitive for translation to clinical practice.71,81,82 
A similar approach in gut parasitology is also of 
growing interest. The gathering of big microbi-
ome-based databases could therefore be matched 
with other types of information (including life-
style of patients and biology of tumors), that can 
help in identifying microbial patterns associated 
with increased risk of cancer and modifying them 
through therapeutic microbiota manipulation 
(including diet, antibiotics, prebiotics, probiotics, 

Text Box 4. Therapeutic perspectives.

Targeting the GM and tweaking the cross talk between bacteria, protozoans and helminths is regarded as a 
prospective therapeutic strategy for the treatment of several pathologies.
In the case of pathogenic protozoan invasions, for example, E. histolytica, G. duodenalis, Cryptosporidium 
spp. or Toxoplasma spp., interventions such as probiotics, prebiotics or fecal microbiota transplantation 
(FMT) can be introduced to enhance microbiota diversity and change the course of pathogenesis and the 
disease outcomes in the host.76 In addition, protozoans such as Blastocystis spp. can be a likely therapeutic 
choice in treating chronic inflammatory conditions as they exhibit the anti-inflammatory potential and is 
seen to increase the bacterial diversity.28

Lately, the therapeutic use of helminths has gained a lot of attention. This is popularly known as 
“helminth therapy” (HT) which demonstrates the innate ability of helminths to alter immune response 
from Th1 to Th2/Treg.77 HT and helminth-derived product therapy (HDPT) utilizes live helminths and ESP 
components for immuno-modulation. Many animal studies have shown promising results to treat or 
prevent inflammatory diseases such as IBD, T1D, MS, rheumatoid arthritis (RA) and asthma. For example, 
schistosome glutathione S-transferase (P28GST) improves intestinal inflammation in experimental colitis 
and Fasciola hepatica mitigates experimental autoimmune encephalomyelitis (EAE) and MS.77 Similarly, 
ES-62, a glycoprotein from the filarial nematode Acanthocheilonema vitae, is a potent pharmacological 
molecule that can be used for asthma, lung fibrosis and RA.78

Likewise, metabolism and weight regulation are in part immunologically regulated, hence helminth 
infections such as Nippostrongylus brasiliensis and S. mansoni, once again display a therapeutic perspective 
since it was shown that they prevent glucose intolerance through adipose tissue eosinophils and type 
2 macrophages activation.37 Furthermore, a number of animal studies have evidenced that helminth 
infections (S. mansoni, Trichinella spiralis and Filaria spp.,) and helminth derived products can prevent onset 
or cure T1D, possibly by repressing Th1 immune response.79

In cases where parasite worms worsen the diagnosis, such as H. polygyrus in Citrobacter colitis,26 the 
parasite itself could be targeted in therapy. Another interesting scenario is the proposition of T. musculis 
as a “protistic antibiotic” as its protection against Salmonella infection through IL-18 pathways has already 
been shown.58,31

Although helminth based therapies seem transcendental and few human trials are underway, several 
hurdles remain.77 One of the major shortcoming is the tumor promoting activity of ESPs.80 Moreover, 
the use of live helminths remain contentious because of the lack of comprehensive understanding of 
mechanism of disease prevention and inhibition.
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fecal microbiota transplantation (FMT)).29 To 
date, a relevant rate of patients stop chemother-
apy because of toxicity and side effects (including 
diarrhea). Moreover, immunotherapy, although 
promising, provides only partial efficacy in several 
cancers. As gut microbiota appears to be deeply 
involved in both pathways, its modulation could 
be of utmost importance.83 The connection of big 
microbiome-based databases with safety and effi-
cacy of different cancer therapies could target the 
therapeutic modulation of gut microbiota and 
improve outcomes in these patients. Specifically, 
parasites, by their capacity to modulate host 
immunity, have been hypothesized to play a 
potential role in modulating cancer 
immunotherapy.84

To conclude, effective translation of clinical 
results from bench to bedside requires advance-
ment of patient-centric solutions through collab-
orative efforts between research organizations, 
pharmaceutical industries, regulatory bodies and 
other stakeholders. The determination of optimal 
approaches that appropriately modulate the 
patient’s GM need to be well-defined, taking into 
account lifestyle, socio-economic, demographic, 
geographic and public health parameters. 
Moreover, in this data driven era, further connec-
tions with other big data and genome-wide asso-
ciation links, as well as studies from a holobiont 
perspective, are advocated.
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