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Abstract—Aurticles devoted to the relationships between parasites inhabiting vertebrate intestines and the host
microbiota, as well as the influence of these members of the intestinal ecosystem on the host, are analyzed in
this review. The effect of helminths on the composition of the microbiota and immunity of the host, some
autoimmune disorders, and inflammatory bowel diseases are considered, and the antimicrobial activity of
helminths is noted. Understanding the complex three-way interactions between the host, its microbiota, and
parasites is a fundamental parasitological problem underlying the search for new approaches to the improve-

ment of animal and human health.
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INTRODUCTION

Thus far it has been proven that the higher organ-
isms cannot exist without continuous interactions
with microorganisms, and many physiological pro-
cesses in humans, animals and plants are inextricably
intertwined with the respective processes in resident
bacteria (Rowland et al., 2018). Various groups of par-
asites, including helminths, protozoa, and arthropods,
interact directly or indirectly with each other and with
microorganisms. These interactions can be either use-
ful or harmful for one or both pathogenic species. For
hosts, these interactions can also be either deleterious
or beneficial. Elucidation of the scale and significance
of this interaction, as well as assessment of the nature
of relationships between parasites and bacteria, can be
highly important for preventing quite a number of
infectious diseases (Ashour and Othman, 2020).

The symbiotic relationship between animals and
microorganisms inhabiting the digestive tract is one of
the most important characteristics of the digestive sys-
tem. The animal host and its intestinal microbiota are
a complex ecological system with a significant effect of
microbiota on the host and the components of micro-
biocoenosis on each other. The normal microbiota of
the digestive tract plays a key role in the formation of
host immunity, the synthesis of some enzymes and
vitamins, and the utilization of food substrates with
production of essential amino acids (Izvekova, 2008;
Berrilli et al., 2012; Rowland et al., 2018). There is an
extensive literature devoted to the quantitative and
qualitative composition of enteric microbiota in dif-
ferent vertebrate species (Austin, 2006; Gomaa,
2020). Studies in this field have been conducted for
quite a long time, and the concepts of the intestinal

ecosystem are extensive and specified with the devel-
opment of metagenomic techniques.

Interest in the study of human intestinal microbi-
ota has significantly increased in recent years, espe-
cially due to the development of metagenomic analy-
sis. The intestinal microbiota is highly diverse and
contains trillions of microorganisms. The formation
and improvement of the diversity of the intestinal
microbiome begin at birth, while changes in its com-
position depend on various factors. The changes in the
composition and functions of intestinal microbiota
influence intestinal permeability, digestion and
metabolism, and immune responses. An altered bal-
ance of intestinal microbiota leads to metabolic disor-
ders and development of many gastrointestinal diseases,
as well as immunological and psychoneurological disor-
ders. Therefore, studies of the interrelationship between
intestinal microbiota and the host have become increas-
ingly important (Gomaa, 2020).

Microorganisms in the gastrointestinal tract often
share the environment with parasitic worms, which
leads to physical and physiological interactions
between these two groups. Such associations can
affect the host health, as well as the populations of
bacteria and helminths. The studies of interactions
between a microbiome and parasitic helminths are at
different stages (Glendinning et al., 2014; Zaiss and
Harris, 2016). At the same time, the problem of rela-
tionships between a parasite and its host is one of the
fundamental problems of parasitology. In order to
establish close specific relationships after getting into a
host organism, a parasite is fully adapted to life under
these conditions. A host, a parasite, and a symbiotic
microbiota make up the microbiocoenosis with close
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interrelationships established during their joint evolu-
tion, which should be studied to understand the pro-
cesses occurring therein (Izvekova, 2008; Zaiss and
Harris, 2016). It is known that intestinal helminths
affect physiological processes in the bowel, first of all,
mucus secretion and production of antimicrobial pep-
tides, which, in turn, can influence the survival rate
and spatial organization of bacteria (Dezfuli et al.,
2016). A parasite and its host interact mainly through
secreted proteins, generally referred to as “secretome.”
The proteins secreted by a parasite are able to modify
the host’s environment and to modulate its immune
system. The compositions and functions of these pro-
teins vary depending on the ecology, lifestyle, and
environment (Cuesta-Astroz et al., 2017). It is known
that the excretory/secretory proteins from parasites
play an important role in various infections and host—
pathogen interactions (Ranganathan and Garg, 2009;
Huang et al., 2019); they regulate the balance between
a parasite and the host and, as a result, a parasite can
exist within a host for quite a long time (Huang et al.,
2019). Intestinal parasites encounter not immune
responses but rather the problem of increasing resis-
tance to host proteolytic enzymes, which have a per-
manent destructive effect on gut inhabitants. Hel-
minths secrete various proteins including proteases,
protease inhibitors, allergens, glycolytic enzymes, and
lectins. However, the relative amount of each protein
varies in different parasites and at different stages of
their lifecycle (Hewitson et al., 2009).

Some researchers believe that helminths are an
important component of the biome in vertebrates,
which has largely influenced the evolution of their
genes. For example, it is believed that the absence of
these macroscopic organisms at the early stage of
development and life of people in the western culture
probably leads to the appearance of different immuno-
logical human diseases (McKenney et al., 2015).
However, the interaction between a microbiome and
helminths has been poorly studied.

The intestinal microbiota is vitally important for
the host health, and, therefore, different authors have
made numerous attempts to elucidate the mechanisms
affecting the modification of its composition and
diversity. The host—helminth and host—microbiota
interactions are rather well-studied, in contrast to the
microbiota—helminth relationships, where studies are
usually focused on experimental infection of labora-
tory animals by a single helminth species (Kreisinger
et al., 2015). Helminths underwent evolution together
with intestinal microbiota and hosts. Recently, studies
of this three-way interaction have been started, mak-
ing it possible to develop new therapeutic strategies for
treating some metabolic and inflammatory diseases
(Loke and Lim, 2015).

It would be interesting to see the differences in life
strategies between the symbiotic species of microbiota
and parasitic or pathogenic organisms. The symbiotic
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species of the microbiota influence the habitat with
minimal damage to the host. On the contrary, most
parasites and pathogenic bacteria impair the mucosal
barrier, exhaust nutrient reserves, and have a more
profound effect on the immune system of the host,
which is functionally much more difficult. According
to some authors, it can explain why there is a great
number of species of commensal and symbiotic bacte-
ria colonizing the gastrointestinal tract, while the
number of helminths and pathogenic bacteria that can
do it is limited (Reynolds et al., 2015).

Mammalian intestines contain various commensal
and pathogenic organisms playing a key role in the for-
mation of the immune system. The data being accu-
mulated confirm the opinion that helminths can
change the relative composition of microorganisms in
the host intestines and, as a result, that parasites affect
the immune homeostasis. It is emphasized that the
intestinal microbiome and helminths exert a profound
effect on health and pathologies, and it partially sheds
light on the causes of various inflammatory bowel dis-
eases (Giacomin et al., 2016).

This review analyzes the works devoted to some
aspects of interaction between parasites inhabiting
vertebrate animal intestines and the host microbiota,
as well as the effects of these members of the intestinal
ecosystem on the host.

THE EFFECTS OF HELMINTHIC INVASIONS
ON THE COMPOSITION OF THE INTESTINAL
MICROBIOTA OF THE HOST

The intestinal microbiota (both present in the
chyme and associated with the intestinal mucous
membrane and parasitizing helminths) plays an
important multifunctional role in the life of macroor-
ganisms. The role of microorganisms in the bowel is
ambiguous and varies depending on different factors
of the ambient and internal medium. It is known that
the qualitative and quantitative composition of intesti-
nal microbiota varies under the influence of different
endogenous (the structure of the digestive tract, pH of
intestinal contents, anaerobic conditions, intestinal
enzymes, osmotic pressure, host immunity) and exog-
enous (abiotic and biotic factors of the environment,
including nutrients) factors (Izvekova, 2006, 2008;
Austin, 2006). It has been supposed that helminth
infections are accompanied by considerable changes
in the number and composition of microbiota in the
gastrointestinal tract (Eckburg et al., 2005). Though
the competition between helminths for nutrient
resources, the secretion of bacterial growth inhibitors
by some species (Hewitson et al., 2011), and the host
age and diet (Berrilli et al., 2012; Glendinning et al.,
2014) have been proposed as factors influencing the
composition of intestinal microbiota, the interaction
between a host, helminths, and the microbiota attracts
great attention due to the ability of helminths to
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induce direct or indirect changes in the composition
of the microbiota (Glendinning et al., 2014).

Soil-transmitted helminths infect more than
1.5 billion people worldwide; however, little is known
about their interaction with the intestinal microbiota.
These parasites infect mostly people in developing
countries, which can account for the differences in the
quantitative and qualitative composition of intestinal
microbiota compared to people from developed coun-
tries (Lee et al., 2014). Most such works are devoted to
studies of interactions in the host—parasite—microbi-
ota system, where parasites are different species of
nematodes. Most often, they represent the genera
Ascaris, Trichuris, and Necator. For example, it was
shown that patients infected by Trichuris nematodes
had a wider range of species of intestinal microbiota,
demonstrating the effects of helminths on the diversity
and structure of bacterial communities and on the
functions of intestinal microbiota (Lee et al., 2014).

Due to anatomical, physiological, and immuno-
logical similarities between the species, pigs are widely
used as a model in studies of human diseases. More-
over, the biological diversity of intestinal microbiota in
pigs and humans is comparable (Li et al., 2012). Hel-
minthic invasions are widespread in pig breeding sys-
tems worldwide and among people from regions with
limited resources. Trichuris suis nematodes in pigs are
an example of widespread helminthosis causing diar-
rhea, anorexia, and growth retardation, which can be
controlled by administration of anthelmintics. The
study of 7. suis infection in pigs is highly important for
human health, because it can contribute to elucidation
of the mechanisms of interactions between a host, a
parasite, and the microbiota. The effect of 7. suis
infection on the composition of intestinal microbiota
in pigs (Li et al., 2012) and the relationship between
the state of the mucous membrane, immune response,
infection rate, and changes in the composition of
microbiota (Wu et al., 2012) have been studied.
Infected animals were shown to have a great number of
Mucispirillum bacteria and a decreased number of cel-
lulolytic bacteria Ruminococcus colonizing the mucus
(Liet al., 2012). It has been noted that a 21-day 7. suis
infection in pigs caused profound changes, both in the
composition of microbiota and in the metabolic
potential, in the lumen of the proximal part of the
colon. The changes in the amounts of Succinivibrio
and Mucispirillum were associated with parasite-
induced changes in carbohydrate and amino acid
metabolism and habitat disturbance in the case of
mucosal pathologies (Li et al., 2012). In addition, it
was shown that the populations of intestinal microbi-
ota changed after the pigs had been infected by the
T. suis nematode, and the authors suppose associated
with different nutrient sources for bacteria as a result
of parasite-induced intestinal epithelial damage (Wu
et al., 2012).
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There are not many studies using the meta-taxo-
nomic approach to investigate the relationship
between gastrointestinal helminths and the composi-
tion/diversity of microbiota in mammals (Walk et al.,
2010; Rausch et al., 2013; Cooper et al., 2013; Canta-
cessi et al., 2014). Experimental infection of labora-
tory mice by the nematode Heligmosomoides polygyrus
bakeri was conducted, which resulted in an increased
number of bacteria at the place of helminth coloniza-
tion both in the ileum/small intestine (Walk et al.,
2010) and in the blind gut and the colon (Rausch et al.,
2013). At the same time, experimental removal of the
whipworm TFichurus trichuria in humans or infection
by the hookworm Necator americanus had no effect on
the diversity and composition of the host fecal micro-
biota. However, experimental infection by helminths
can increase the microbial diversity; e.g., in laboratory
animals (Kreisinger et al., 2015; Zaiss and Harris,
2016).

The nematode Trichuris trichiura exhibited no
effect on the composition of the fecal microbiota in
children compared to uninfected children, and infec-
tion treatment did not affect the composition of the
microbiota. However, co-invasion by A. lumbricoides
and T. trichiura led to a decrease in the total diversity
of bacteria, in particular, in the relative number of
some members of the class Clostridia (Cooper et al.,
2013).

It has been shown that, although infection by the
hookworm Necator americanus leads to a minor
increase in the compositional diversity of microorgan-
isms, there is no significant effect on the community
structure, the diversity, or the relative abundance of
individual bacterial species. It has been supposed that
hookworms and other helminths trigger changes in the
composition of microbiota at the place of infection
(e.g., the duodenal mucosa for hookworm), which do
not affect the composition of fecal microbial commu-
nities (Cantacessi et al., 2014).

It has been shown that nematode infection by
Ostertagia ostertagi in cattle results in dysfunction of
the gastrointestinal tract (Li et al., 2011). An abomasal
microbiota in response to reinfection by the parasite
was characterized. It was shown that reinfection did
not trigger any significant changes in the microbial
community of animals. The infection seemed to exert
minimal effects on the genus-level microbial diversity
in the abomasum of immunized animals. The authors
believe that the results demonstrate the ability of
immunized animals to develop and maintain the
proper stability of the abomasal microbial ecosystem,
and minimal disruption of the abomasal microbiota in
cattle as a result of reinfection can equally contribute
to the recovery of gastric function in immunized ani-
mals (Li et al., 2011). During evolution, a host and its
microbiota have established a mutualistic relationship.
The abomasal microbiota contains bacteria that pro-
duce a powerful inhibitor of gastrin secretion in the
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host organism, which leads to a decrease in the level of
gastrin by approximately 90% and has a direct effect
on the physiology of the host. The abomasal microbi-
ota has been shown to produce a considerable number
of serpins, the large class of protease inhibitors
involved in the regulation of a broad range of physio-
logical processes. Serpins produced by the abomasal
microbiota prevent the attachment of host proteases,
playing a key role in the interaction between the abo-
masal microbiota and the host. Most likely, parasitic
infection alters the composition of the gut microbiota
and thereby reduces the production of essential amino
acids by the microbiota (Li et al., 2011).

Some authors assume that the composition of the
microbiota in the mouse duodenum influences the
survival of Heligmosomoides polygyrus within the host,
while the nematode, in turn, can actively modify the
microbiota to promote its own survival (Reynolds
et al., 2014). These data are in agreement with the pre-
vious data obtained from the study of another parasitic
nematode of pigs, Trichuris muris, the survival of
which was shown to depend on the presence of intesti-
nal microbiota. It allowed the authors to assume the
existence of richer and more interactive relationships
between the microbiota and helminths in the gastroin-
testinal tract of mammals (Reynolds et al., 2014).

Controlled laboratory experiments in animals have
demonstrated that helminthic infection leads to essen-
tial changes in the composition of the intestinal
microbiota. Chronic infection by Heligmosomoides
polygyrus in the mouse duodenum induces an increase
in the species abundance of Lactobacillaceae and
Enterobacteriaceae in the small intestine (Walk et al.,
2010; Rausch et al., 2013; Reynolds et al., 2014). Sim-
ilarly, the chronic infection of mice by the nematodes
Trichuris muris colonizing the blind gut leads to a
decrease in bacterial diversity within the scope of Bac-
teroidetes phyla in the host feces, as well as to an
increase in the abundance of representatives of the
family Lactobacillaceae (Houlden et al., 2015). These
data confirm the hypothesis that parasites trigger
changes in the number and relative distribution of bac-
teria in the gastrointestinal tract.

Along with the effects on the composition and
function of commensal and symbiotic species of the
microbiota, helminthic infection can also change the
host response to infection by pathogenic species of
bacteria. For example, co-infection by the nematodes
H. polygyrus or Nippostrongylus brasiliensis and the
pathogenic bacteria Salmonella enterica serovar typh-
imurium (S. typhimurium) in mice leads to an increased
mortality of mice, intestinal edema, erythro-erosions,
and bowel wall thickening, compared to S. typh-
imurium monoinfection in these mammals (Reynolds
et al., 2015).

There are only a few analogous studies associated
with cestodes. It has been shown that infection of rats
by the cestode Hymenolepis diminuta triggers changes

IZVEKOVA

in the microbiome of the host blind gut. Most of the
changes occur in Firmicutes representatives: in the
presence of helminths, the number of Bacilli species
decreases, while the number of Clostridia species
increases, which may be evidence of the existence of
mechanisms enabling this helminth to exert a thera-
peutic effect (McKenney et al., 2015). In general, the
presence of helminths is associated with a high diver-
sity of the microbiota, which, in the opinion of some
authors, may have a positive effect on the host health
(Ramanan et al., 2016; Giacomin et al., 2016). In the
system of wild rodents, variations in the composition
and number of taxa of helminth-associated intestinal
microorganisms were specific to each helminth spe-
cies and observed both above and below the helminth
position within the intestines. The most marked asso-
ciation between helminths and the microbiota was
found for the presence of tapeworms in the small
intestine and an increased number of Bacteroidetes in
the stomach (Kreisinger et al., 2015). The authors
believe that helminths can change the intestinal
homeostasis, and free-living rodents with a diverse
community of helminths can be a useful model for elu-
cidating the relationships between helminths and
microbiota.

Thus, the study of the effects of helminths on the
composition and diversity of host microbiota deserves
close attention.

PARASITE—MICROBIOTA RELATIONSHIP
AND HOST IMMUNITY

It is known that the intestinal microbiota is import-
ant for the development of a mature immune system in
vertebrates, as well as for the maintenance of immuno-
logical homeostasis in the bowel (Zaiss and Harris,
2016). Though there are many hundreds of bacterial
species colonizing mammalian intestines, the balance
between these species varies within a broad range
among people in a population.

Helminthic infection can also change the host
metabolism, which in turn affects the host immune
response (Zaiss and Harris, 2016). The interactions
between the intestinal microbiota, the immune sys-
tem, and pathogens describe the bowel as a complex
ecosystem, where all components interact with each
other to maintain homeostasis (Berrilli et al., 2012).
The intestinal microbiota has a great effect on the
development of the metabolic and immunological sta-
tus of mammalian hosts. Both microorganisms and
helminths must resist the host immune system. For
example, experimental infection by the nematode
Trichuris muris in mice decreased the fecal levels of
metabolites such as vitamin D2/D3 derivatives, fatty
acids and related metabolites, glycerophospholipids,
carbohydrates of plant origin, and the intermediate
products of amino acid synthesis (Houlden et al.,
2015). Hamsters infected by the hookworm Necator
americanus also demonstrated a considerable change
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in the urine levels of metabolites, probably due to the
changes in the composition of the intestinal microbi-
ota (Reynolds et al., 2015). In pigs infected by the
nematode Trichuris suis, the changes in the composi-
tion of the colon microbiota are accompanied by a
metabolic shift; at the same time, the infection
induces a reduction in the level of cofactors of carbo-
hydrate metabolism and amino acid biosynthesis (Li
etal., 2012; Wu et al., 2012).

Intestinal helminths and some bacterial species of
the microbiota are considered as having potent immu-
nomodulatory properties. For example, it has been
shown that helminths alter the composition of intesti-
nal microbiota and, on the contrary, the presence and
composition of the microbiota influence helminth
colonization in mammalian hosts. There is the opin-
ion that understanding the complex multidirectional
interactions between intestinal microorganisms, hel-
minths, and host immunity will make it possible to use
a more integral approach to the application of pro-,
pre-, and synbiotics, antibiotics, and anthelmintics, as
well as the development of therapeutic techniques for
autoimmune and allergic disease states (Reynolds
et al., 2015).

PARASITE—MICROBIOTA RELATIONSHIP
AND INFLAMMATORY BOWEL DISEASES

As was mentioned above, intestinal parasites inter-
act with the microbial community, changing the bal-
ance between the host and the commensal microbiota,
which is crucial for organismal health. As a result,
there is increasing interest in the study of possible
interactions between microbiota, parasites, the host
immune response to infection, and inflammatory pro-
cesses in the bowel (Berrilli et al., 2012).

It has been demonstrated in mice and humans that
gastrointestinal helminth infections can protect
against some inflammatory bowel diseases (IBDs),
causing immune responses that change the balance
between commensal and pathogenic bacteria in the
intestines (Ramanan et al., 2016). A scheme of inter-
action between helminths and bacteria during inflam-
matory bowel disease has been proposed (Giacomin
et al., 2016). According to this scheme, IBD is associ-
ated with limited bacterial diversity and impaired bar-
rier function of the epithelium, as well as with the
impaired formation of tight cell—cell junctions and
mucus production. As a result, bacteria such as Bacte-
rioidales can attach to the epithelial wall or overcome
the epithelial barrier. Intestinal helminths induce an
immune response protecting the epithelial barrier,
including the secretion of type 2 cytokines and inter-
leukin IL22, which together intensify the production
of mucus by goblet cells and the expression of antimi-
crobial peptides, thereby preventing bacterial attach-
ment. Enhanced barrier function promotes the devel-
opment of various bacteria (e.g., Clostridiales) influ-
encing the recovery; together with the induction of
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regulatory T cells by worms and their secretory prod-
ucts, it helps stop the inflammatory process in the
bowel, thereby mitigating the severity of IBD
(Ramanan et al., 2016; Giacomin et al., 2016).

With a view to the revealed effect of parasites on the
composition of intestinal microbiota, it was proposed
to investigate the possibility of using parasites and par-
asite components or products as therapeutic agents for
inflammatory processes in the bowel (Chen et al.,
2005) and to assess helminths as a therapeutic agent
for some immune-mediated disorders, including par-
ticular types of inflammatory bowel diseases (Sum-
mers et al., 2005). The authors believe that the find-
ings will provide a basis for understanding the immu-
nomodulatory effect of helminths. This, in turn, will
make it possible to develop more efficient methods for
the treatment of immune-mediated diseases and
intestinal vaccines for the prevention and therapy of
diseases caused by microorganisms in regions with
multiple infections (Weng et al., 2007).

It has been shown in animal models that hel-
minthoses improve the state of patients with some
inflammatory diseases. Helminths can cause serious
damage to host tissues during their maturation, migra-
tion, and nutrition inside the host. These parasites can
remain in a host organism for many years. In this case,
the host immune response should be well-adapted for
eradication of large multicellular pathogens, wound
healing and tissue repair, and mitigation of inflamma-
tory pathology related to chronic infection. It has been
suggested that the immune response triggered for the
expulsion of gastrointestinal parasites includes the
enhanced production of mucus, changes in its compo-
sition, and increased epithelial cell turnover. All the
above can have a positive effect on restoration of the
mucosal barrier function in the case of inflammatory
bowel disease and reduce the inflammation caused by
pathogenic intestinal bacteria. Study of protective
mechanisms of the host activated during intestinal
helminthic infection can reveal new ways for main-
taining the mucosal barrier function (Wolff et al.,
2012).

At the same time, it has been reported that infec-
tion by the nematode Heligmosomoides polygyrus
aggravates colitis caused by the Gram-negative bacte-
rium Citrobacter rodentium. The severity of the disease
in co-infected mice correlated with a high load of Cit-
robacter in the bowel. These results demonstrate that
helminthic infection can impair host protection from
concurrent enteric bacterial infection and promote
bacteria-induced damage in the bowel (Weng et al.,
2007).

The studies of episodes with Giardia lamblia, para-
sitic flagellated protozoa, have shown that 40—80% of
infected patients suffer from long-term functional gas-
trointestinal disorders after eradication of these para-
sites. These data demonstrate that the immune
responses of a host to its own microbiota as a result of
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epithelial barrier injury can partially promote the
development of postinfectious intestinal disorders.
Understanding postinfectious mechanisms may con-
tribute to the development of new therapeutic
approaches to the treatment of chronic bowel diseases
(Chen et al., 2013).

PARASITE—MICROBIOTA RELATIONSHIP
AND AUTOIMMUNE DISEASES

As was mentioned above, it is well known that
intestinal helminths have potent immunomodulatory
properties. Hence, the effects of helminthic invasions
on some autoimmune diseases are being studied. For
example, it has been demonstrated in mice that hel-
minthosis alters the composition of the bacterial
microbiota and increases the concentration of short-
chain fatty acids, which mitigate the clinical course of
allergic asthma (Zaiss et al., 2015). A tentative scheme of
the effects of nematode invasion resulting in the mitiga-
tion of allergic airway inflammation has been proposed
(Reynoldset al., 2015). The mechanisms of action of hel-
minths on various diseases of hosts such as allergies, mul-
tiple sclerosis, rheumatoid arthritis, psoriatic arthritis,
and autism are under study (Wu et al., 2012).

Helminth infections were shown to be accompa-
nied by a total decrease in proinflammatory cytokines
related to chronic inflammation. In addition, autoim-
mune disorders are less frequent in geographical
regions with a higher prevalence of parasitic infections
(Sewell et al., 2002). The view has been expressed that
a reduction in the number of helminthic invasions in
developed countries may be a cause of the increased
incidence of autoimmune and allergic diseases in
human populations (Reddy, 2010). Several studies
performed in developing countries have presented evi-
dence of the role of intestinal nematodes in prevention
of allergic reactions (Summers et al., 2005). This phe-
nomenon is known as the “hygienic hypothesis” (Ber-
rilli et al., 2012). There are data on the applications of
live helminths in clinical trials in an effort to mitigate
allergic and autoimmune disorders (Khan and Fallon,
2013). Though positive clinical results have been
recorded in many studies, therapy with the involve-
ment of the nematode Trichuris suis nevertheless
draws criticism because of the danger of worm inva-
sion for human physiology (Van Kruiningen and
West, 2005), as well as potential adverse effects on the
gastrointestinal tract (Bager et al., 2011). Such studies
have both pros and cons. The pros are the potent
immunogenic properties of the live parasite, its low
cost, and the good results of this therapy. At the same
time, there are many more cons. They include, first of
all, the ethical aspect of using live worms. In addition,
a patient is exposed to the effects of the entire spec-
trum of excretory—secretory products of helminths;
the intestinal mucosa is damaged in the case of hel-
minthic therapy; recurrence of symptoms is observed
after the expulsion of parasites; there are difficulties
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with the correct use of placebo controls and the proin-
flammatory activity of live worms (Maruszewska-
Cheruiyot et al., 2018).

ANTIMICROBIAL ACTIVITY OF INTESTINAL
HELMINTHS

One of the mechanisms of action of intestinal hel-
minths on the host microbiota is the secretion of anti-
microbial peptides by these parasites (Ashour and
Othman, 2020). Antimicrobial peptides are natural
antibiotics produced by all living organisms. In multi-
cellular animals, they act as host protective factors
against bacterial pathogens (Bruno et al., 2019). For
example, nematodes were shown to produce four
groups of antimicrobial peptides. These studies are
generally confined to the species Caenorhabditis ele-
gans and Ascaris suum. Though there is no compre-
hensive information about the genome for the most
nematode species, it is clear that none of the antimi-
crobial peptide groups is expressed universally by all
nematodes. On the contrary, none of the species pro-
duces all types of antimicrobial peptides (Tarr, 2012).

With the purpose of studying the relationship
between parasitic nematodes and the vertebrate host
microbiota, the excretory—secretory products and the
biological fluid of A. suum were analyzed to determine
the antimicrobial activity in these samples (Midha
et al., 2018). The excretory—secretory products from
different stages of A. suum and the biological fluids
from adult males were analyzed by mass spectrometry.
The samples were shown to contain the antibacterial
factors of A. suum and antimicrobial peptides, lyzo-
zyme, as well as proteins containing C-type lectin-like
domains. The secretory products of nematodes from
L4 stage larvae and adult worms exhibited broad-spec-
trum antibacterial activity. In addition, the excretory—
secretory products of adult 4. suum interfered with the
formation of Escherichia coli biofilm and caused bac-
terial agglutination. In the opinion of the authors,
these results show that A. suum produces numerous
factors with broad-spectrum antibacterial activity for
interaction with the microbiological environment in
the bowel (Midha et al., 2018). The formation of intes-
tinal microbiota is affected both by host immunity and
by helminth metabolites, though the latter have been
little studied. Taking into account that nematodes alter
the composition of host intestinal microbiota without
any noticeable damage to the host, some authors
believe that investigation of the development of para-
sitic nematodes and their effects on the ambient
microbiota can give an idea how the latter can be
changed for therapeutic purposes (Midha et al., 2018).
It has been shown that A. suum at the life cycle stages
in the intestines uses different antimicrobial strategies
to influence the composition of the host microbiota.
At the same time, the antimicrobial potential of the
excretory—secretory products of nematodes varies
depending on the stage of the life cycle of the parasite
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and habitat composition. The effects of helminths will
be more marked in the case of severe infestation,
because the local concentration of antimicrobial
agents will probably be higher. These factors allow
nematodes to allocate a niche for survival in the
microbial environment and, at the same time, be par-
tially responsible for the changes in the intestinal
microbiome during parasitic infection (Midha et al.,
2018).

It has been shown that the excretory—secretory
products of the nematode Heligmosomoides polygyrus
exhibit antimicrobial activity against various bacteria
(Reynolds et al., 2014, Rausch et al., 2018). It has been
supposed that nematodes alter the microbial environ-
ment and have developed factors limiting the growth
of particular microorganisms. It has been demon-
strated that H. polygyrus can actively form the compo-
sition of the host microbiota by releasing antimicrobial
substances and impair the adaptability of nematodes
in the absence of host bacteria (Rausch et al., 2018).
Other researchers have shown that the species abun-
dance of Lactobacillus in the duodenum positively
correlates with the susceptibility to H. polygyrus
(Reynolds et al., 2014). The authors have postulated
the two main hypotheses to explain the changes in the
microbiota composition after an infection by H. poly-
gyrus. They believe that, firstly, H. polygyrus can
actively modify the microbiota using secretory antimi-
crobial products, e.g., lysozyme. Secondly, the
inflammatory response caused by helminthic inva-
sion, or both the former and the latter, or destruction
of the epithelial barrier by parasites, can modify the
intestinal niche in favor of particular commensal
microorganisms (Reynolds et al., 2014).

THE HOST, PARASITE, AND INTESTINAL
MICROBIOTA IN FISH

In contrast to mammals, very few works are
devoted to study of the host—parasite—gut microbiota
relationships in fish. At the same time, fish are a very
interesting object in the context of the host—parasite—
gut microbiota relationship. The bowel is one of the
main pathways for infecting fish, because they are
always in close contact with the environment, water,
being continuously exposed to bacteria, including
pathogens. It is known that the intestinal microbiota
of fish plays an important role in stimulation of the
development of the host gastrointestinal tract, pro-
motes digestive function, maintains mucosal toler-
ance, stimulates the host immune response, and pro-
vides a certain level of protection against infections
(Ghosh et al., 2020). Hence, the few works related to
the study of the host—parasite—gut microbiota rela-
tionships in fish deserve particular attention.

The methods of scanning and transmission elec-
tron microscopy were used to study the symbiotic
microflora associated with the surface of the following
intestinal parasites: Eubothrium rugosum cestodes in
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burbot (Poddubnaya, 2005), Caryophyllaeus laticeps in
bream and Khawia armeniaca in khramulya (Varicori-
nus capoeta sevangi) (Poddubnaya and Izvekova,
2005), several species of cestodes of the genus Proteo-
cephalus in different host fish species (Korneva and
Plotnikov, 2006a), and Triaenophorus nodulosus cesto-
des in pike (Korneva and Plotnikov, 2006b). These
works presented convincing evidence of a tight associ-
ation between bacteria and the digestive—transport
surfaces of cestodes. Localization between microtri-
chia and close adherence of bacteria with thin cell
walls may be indicative of their involvement in the
processes of digestion and absorption occurring on the
tegumental surface (Poddubnaya, 2005). The absence
of evident damage to the tegument by the cells of
microorganisms makes it possible to consider the
detected bacteria as symbionts. Based on the findings,
the authors state the presence in cestodes of normal
symbiotic microflora inhabiting the tegumental sur-
face and having specific morphological features (Kor-
neva and Plotnikov, 2006a, 2006b). The peculiarities
of interaction between symbiotic microbiota and ces-
todes demonstrate the mutual adaptation of bacteria
and parasites. It manifests itself, in particular, in the
presence of specialized cell—cell contacts and the
absence of ultrastructural signs of pathogenic effects
of bacteria on the tegument of cestodes. Other evi-
dence for the symbiotic relationship between cestodes
and microbiota is the specificity of the morphological
composition of bacteria in different species of cestodes
(Korneva and Plotnikov, 2006a). The analysis of bac-
terial diversity in the gastrointestinal tract of perch and
on the surface of Proteocephalus sp. cestodes parasitiz-
ing the latter showed considerable similarity in its
composition between the host and the parasite (Kash-
inskaya et al., 2020). In order to understand the rela-
tionships in the host—parasite—gut microbiota system,
the authors recommend taking into account the pres-
ence of endoparasites and their bacterial load in the
study of the fish microbiome. The study of the compo-
sition and diversity of the intestinal microbiota of the
common carp infected by two species of tapeworms,
Khawia japonensis and Atractolytocestus tenuicollis,
showed that the infection by two cestode species had
no considerable effect on the microbial diversity or
abundance but altered the microbial composition at
the generic level. K. japonensis had a greater effect on
the composition of intestinal microbiota (Fu et al.,
2019).

In addition, it has been shown that bacteria are
associated with the mucosa of fish intestines and the
tegument of cestodes with varying degrees of strength.
The total number and biomass of these bacteria were
determined (Izvekova and Lapteva, 2002). It has been
shown that the bacteria associated with the digestive—
transport surfaces of the intestines of fish (pike, bur-
bot, and bream) and the tegument of cestodes inhab-
iting them (7. nodulosus, E. rugosum, and C. laticeps,
respectively) are able to secrete enzymes hydrolyzing
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the major nutrient substrates: proteins and carbohy-
drates (Izvekova, 2005, 2006). Microorganisms make
a substantial contribution to degradation of these sub-
stances by intestinal enzymes. It has been suggested
that the intestines of fish and the teguments of its par-
asites are colonized by the same groups of bacteria and
the parasite can use the microbiota hydrolases allow-
ing its successful competition with the host for nutri-
ent sources (Izvekova, 2008).

CONCLUSIONS

For the sake of understanding the evolutionary
basis of helminth—microbiota associations, it is highly
important to investigate natural systems with undis-
turbed communities of microorganisms and hel-
minths. Some authors believe that the work should be
focused on the study of certain mechanisms involved
in the three-way interaction between the microbiota,
the host, and helminths (Kreisinger et al., 2015).

Microorganisms inhabiting host intestines become
pathogenic under certain conditions and can be a
source of pathogens of different diseases (Llewellyn
et al., 2017). The establishment of such community
dynamics in the development of diseases or suscepti-
bility to transmitted infections is an important goal of
further research. The maintenance of stability of
microbial communities using pre- or pro-synbiotics
can be a powerful tool for mitigating parasitic diseases.
The authors emphasize the importance of an integral
approach including observations of the changes in the
physiological parameters of the host, the parasite, and
the microbiome in order to assess their relative roles in
changing the disease outcome. The interactions between
a parasite, the host, and the host-associated microbiota
are increasingly considered to be decisive for disease pro-
gression and incidence (Llewellyn et al., 2017).

According to some authors, understanding the
interaction between the microbiota and intestinal par-
asites is interesting in terms of the development of
alternative therapeutic methods, which are not based
on chemotherapy and do not lead to the development
of drug resistance (Ras et al., 2015). In addition, it has
been shown that the autochthonous microbiota influ-
ences colonization by bacterial, viral, and fungal
pathogens. Determination of the mechanisms of these
interactions will probably reveal new therapeutic
approaches to controlling infectious diseases. At the
same time, taking into consideration the current clin-
ical trials using helminths and helminth products, as
well as the ability to modulate the function of microbi-
ota using pro-, pre-, and synbiotics, it is important to
determine the contribution of microbiota to the inter-
action with helminths in order to provide synergistic
pathways aimed at the treatment for immune dysregu-
lation (Reynolds et al., 2015).

It can be supposed that a holistic understanding of
the complex three-way interaction between a host, its

IZVEKOVA

microbiota, and parasites will result in the improve-
ment of animal and human health.
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