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REVIEW INFO ABSTRACT

Review History Humans are hosts of nearly 300 species of parasitic worms and over 70
Received:12/10/2023 species of protozoa, some derived from our primate ancestors and some acquired
Accepted:11/10/2023  from the animals we have domesticated or come in contact with during our
Available:15/10/2023  relatively short history on earth. Our knowledge of parasitic infections extends into
antiquity, and descriptions of parasites and parasitic infections are found in the
Keywords: earliest writings and have been confirmed by the finding of parasites in
Helminths - archaeological material. Humans have also shared a prolonged history of co-
existence with parasites residing within their bodies. Both developing and

immune
. developed countries are affected by parasitic infections. It is established that
modulation- . . . . )
¢ different parasites could alter humans’ immune response. It is now believed that
protozoa.

certain parasites either by their own existence or by their products might be used to
alleviate diverse inflammatory, autoimmune, and allergic, in addition to other
diseases. This review aimed to introduce an appraisal of variable studies and
literature pursuing the potential role of different types of parasites and/or their
products as therapeutic tools in discrete forms of morbidities.

Introduction and Immunology of Parasitic Infections:

The burden of infectious diseases caused or transmitted by parasites; mostly comprising
protozoa and helminths are prevalent mainly in tropical and subtropical regions and are
responsible for considerable morbidity and mortality (Ratna and Arora, 2018). Parasitic
infections exhibit a complex challenge to the immune system (Chen et al, 2012). Parasites have
developed a variable array of mechanisms to evade or modulate the host’s immune response
thus establishing infection (Mabbott, 2018). Generally, parasitic infections are frequently long-
lasting and can inhabit immunocompetent as well as immunocompromised hosts. Therefore, it
could be deduced that parasites might have attained modulatory molecules modifying host
responses and consequently promoting their own survival (Correale and Farez, 2011).

The immune system is an example of precise autoregulation where we can interfere
using medications. The therapeutic use of this interference is identified as immunomodulation.
Induction or restoration of immune effector functions using parasitic antigens represents a
model of the current immunomodulators (Ratna and Arora, 2018).

Notably, the hygiene hypothesis, which was centered on a concurrent increase in
autoimmune, allergic and inflammatory disorders with a decrease in certain bacterial and
parasitic infections due to better hygiene in Western communities, suggests that these infections
might be protective in variable disorders (Versini et al., 2015). These microorganisms were
formerly termed ‘old friends’ since they employ an immunomodulatory action on the host
immune system (Rook, 2012).
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Additionally, the  progressive
depletion of microbes and parasites owing
to socioeconomic improvement might result
in a derangement of immunoregulatory
mechanisms (Murdaca et al., 2021). It was
stated that a more diverse microbial
environment yields better immune system
performance (Kiykim ef al., 2023). The
proposed utilized mechanisms are complex
and include provoking of T-helper 2 (Th2)
and inhibition of Th1/Th17 differentiation,
augmentation of T-regulatory cells (Tregs)
and B-regulatory cells (B regs), switching
of dendritic cells towards a tolerogenic
phenotype, downregulation of type2 innate
lymphoid cells, and modification of gut
microbiota (Jung and Suh, 2017 and Yeshi
etal., 2022).

A predominant Th2 response
throughout parasitic infections has been
broadly reported, even though the exact
mechanism initiating this response has not
been fully clarified (Everts et al., 2010).

This ability of parasites to bias
immune responses towards Th2 responses
and chronic infection may be as beneficial
to the hosts as well as the parasites. Infected
hosts can use this response to survive the
infection that cannot be cleared, whereas the
parasite is dependent on the survival of the
host (Maizels et al., 2004 and Chen et al.,
2012).

Prior immunological studies have
demonstrated that T helper 2 (Th2)-
mediated allergies could be alleviated by
microorganisms that induce THI1 cell
responses. However, recently, it has been
postulated that Th2-cell responses induced
by helminths might be accompanied by
inhibition of Th2-mediated inflammatory
disorders through mechanisms including
other non-Thl cell subsets e.g. regulatory T
cells (Maizels and Yazdanbakhsh 2003 and
Yazdanbakhsh et al., 2002). This Type 2
immune response consists of activation of
CD4+ Th2 cells, employment of
eosinophils, basophils and mast cells, in
addition to the Th2 cytokine profile, all of
which aid in preventing excessive

inflammatory reactions (Artis and Pearce,
2013, Voehringer, 2013, van Riet et al,
2007). Moreover, the interaction between
host and helminth-secreted products
promotes the activation of dendritic cells
(DCs)which  in turn  induce the
differentiation of naive T-helpers cells into
Th2, activating regulatory T cells, Breg and
activated macrophages (AAMs) (Haak et
al., 2009 and Aranzamendi et al., 2013). It
is worth mentioning also that helminthic-
induced Type 2 cells could provoke a Type
2-cytokine profile including interleukins
3,4,5,9,10 and 13, that is accompanied by
differentiation and proliferation of the
parasite-specific IgE, IgG and IgG4
antibodies (Logan et al., 2014 and Bager et
al., 2010).

Helminthic therapy is a term that
refers to the therapeutic administration of
helminths or helminth-derived products in
order to block Th2 allergen-specific
response along with autoreactive-Thl
response in patients with immune-related
disorders (Rzepecka et al, 2013).
Helminths have evolved a variety of
immunomodulatory molecules which begin
to be identified, indicating a molecular
innovation of parasitic immunology. This
provides the potential to better understand
parasite adaptation to the host and to
renovate probable remedies for immune-
mediated disorders (Maizels et al., 2018).
Amusingly, it has been postulated that
helminth-derived extracellular  vehicles
(EVs) could also be wutilized as
immunomodulatory therapeutics regulating
pathological inflammatory reactions in
allergic, autoimmune, and metabolic
disorders (Eichenberger et al, 2018). The
varieties of helminth products responsible
for this immunosuppressive strategy are
still inadequately known, nevertheless,
different proteins, lipids and
glycoconjugates are suspected (Bager ef al.,
2010 and van Die and Cummings, 2010).

The current review aimed to
illustrate various figures of morbidities
showing mitigation accredited to the
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influence of certain parasites in these
disorders.

Proposed Applications of Parasitic
Therapeutic Approaches in Different
Disorders:

Autoimmune and Metabolic Disorders:
Inflammatory Bowel Disease and Celiac
Disease:

Inflammatory bowel disease (IBD)
(incorporating Crohn’s disease (CD) and
ulcerative colitis (UC)) and coeliac disease
are global predominant chronic
inflammatory disorders of the
gastrointestinal  tract (Baumgart and
Carding, 2007 and Khor et al.,2011).
Helminthic infection has been accompanied
by modulation of the severity of these
disorders (McSorley et al, 2011). It is
worth mentioning that IBD patients
benefited from Trichuris suis (T. suis)
infection using viable ova obtained under a
suitable manufacturing procedure
(Summers et al, 2005; Weinstock and
Elliott, 2013). It was deduced that helminth-
derived antigens might be used either as an
adjuvant or a vaccine for the improvement
of disease in IBD patients (Abdoli, 2019).
Another study documented a case of UC
with  Trichuris trichiura (T. trichiura)
showing a marked diminution of
inflammatory marker expression with
global remission of the disease (Su ef al.,
2017). Necator americanus (N.
americanus) larvae were also used in
multiple trials as curative mediators in
celiac disease patients (McSorley et al,
2011) and all showed elevated Th2 response
associated with immunoregulatory
cytokines (e.g.IL-10 and TGF-f) with
diminution of inflammatory cytokines that
used to be concomitant with the colitis-
induced pathology (Gazzinelli-Guimaraes
and Nutman, 2018). Other studies have
mentioned  different  parasites  with
protective roles in IBD including
Hymenolepis diminuta (Matisz et al., 2017),
Anisakis spp. (Haarder et al., 2017), Ascaris
lumbricoides (Coronado et al., 2017),
Clonorchis sinensis (Jang et al., 2011),
Brugia malayi (Kron et al, 2013) and

Echinococcus granulosus (Soufli et al.,
2015). Conversely, previous studies with
broader populations displayed that neither
Trichuris nor N americanus had expressed
substantial protection in IBD or celiac
diseases (Mahanty and Nutman, 1995).
Accordingly, mechanisms of helminths’
immune alterations should be accurately
marked out before being utilized in different
autoimmune diseases (Pastille et al., 2017).
Consequently, further studies are required
to verify helminthic infection as an
optimum counter-inflammatory therapeutic
tool in these disorders.

Diabetes Mellitus:

Type 1 and type 2 diabetes mellitus
(DM) are chronic diseases affecting
approximately 425  million  people
worldwide, yielding poor health outcomes
and high healthcare costs (Arneth et al,
2019).

Different studies have demonstrated
the probable therapeutic role of helminthic
infections in Type 1 diabetes mellitus.
Different parasites are involved including
Schistosoma mansoni (Savio and Coutinho-
Silva, 2016), Brugia malayi, Fasciola
hepatica (Reddy et al., 2017), Trichinella
spiralis (Saunders et al., 2007) and
Dirofilaria immitis (Imai et al., 2001). In
patients with Type 1 diabetes mellitus,
regulatory T cell numbers are deficient, the
cells have impaired function and other
immune cells are unresponsive to the
regulatory T cells (Bluestone et al., 2015).
Consequently, data proposed that the
immune skewing from a Th1 to either a Th2
or a regulatory response is the primary
mechanism through which this disease is
improved (Zaccone and Cooke, 2013).
Moreover, protective mechanisms of
infections on diabetes onset include
competition for homeostatic factors as well
as stimulation of Toll-like receptors (Bach
and Chatenoud, 2012).

Within the same concern, helminth
infections such as schistosomiasis (Chen et
al, 2013), lymphatic filariasis (Berbudi et al,
2016) and soil-transmitted helminthic
infections  including  Strongyloidiasis
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stercoralis (Wiria et al., 2015) were all
associated with decreased risk of type 2
diabetes mellitus. Several studies revealed a
protective outcome of parenteral injection
of Schistosoma mansoni eggs or S. mansoni
adult worms in female non-obese diabetic
mice upon administration at an early stage
of the disease (Zaccone et al, 2009).
Results stated that helminth-induced IL-10
and type 2 immune responses help to
improve insulin signaling and sensitivity
(Hussaarts et al., 2015).

Rheumatoid Arthritis:

Rheumatoid arthritis (RA) is a
disorder manifested by chronic
inflammation of joints associated with
overexpression of certain cytokines (TNFa,
IL-1 and IL-6) (Alghasham and Rasheed,
2014). A study performed on mice with RA
infected by Heligmosomoides polygyrus or
Nippostrongylus brasiliensis revealed a
diminished presence of arthritis correlated
with a decline in synovial hyperplasia with
no effect however on other manifestations
including cartilage erosion or bone
destruction (Salinas-Carmona et al., 2009).
Similarly, mice with RA under helminthic
therapy showed relief of manifestations
associated with the diminution of local
inflammasome activity as well as the
production of Thl cytokines including
TNFa, whereas increasing production of
IL-4 and IgG1 (Smallwood et al., 2017).

Likewise,  parasites  including
Schistosoma mansoni, Trichinella spiralis
(Osada et al., 2020), Schistosoma
japonicum (Liu et al.,2016), Fasciola
hepatica (Carranza et al, 2012) and
Hymenolepis diminuta (Shi et al., 2011)
were supposed to exert nearly similar
protective effects on RA patients. Their
protective role was illustrated by the
regulation of CD4+ T cell subsets through
reducing Thl and Thl7 responses,
promoting regulatory T cell responses,
downregulation  of  proinflammatory
cytokines (IFN-y, IL-1 and TNF-a) and
upregulation of anti-inflammatory
cytokines (IL-4 and IL-10) (Apaer et al.,
2016). Conversely, Matisz et al., (2011),

declared no specific anti-inflammatory
mechanism in RA patients. Advanced
research and methods are mandatory to
further investigate the precise mechanisms
and potential positive role of parasites on
RA (Apaer et al., 2016).

Autoimmune Liver Diseases:

Aoyama et al, (2007) have revealed
an inverse relation between some
autoimmune liver diseases (e.g.
autoimmune  hepatitis and  primary
sclerosing cholangitis) and S. stercoralis
infection (Wammes et al., 2014).
Psoriasis:

Psoriasis is one of the most common
immune-mediated skin disorders causing
raised scaly patches over elbows, knees,
scalp and other body sites (Griffiths and
Baker, 2007). Previously, psoriasis has been
regarded as a Thl class pathology.
However, recently it showed also additional
involvement of Th17. Hence, helminthic
therapy could suppress excess Thl and
Th17 activity providing an effective remedy
for this immunopathology. This is in
addition to helminthic activation of
regulatory T cells and production of anti-
inflammatory cytokines IL-10 and TGF
beta which helps to alleviate psoriatic
immune dysfunction (Lew et al., 2004 and
Van Beelen et al., 2007). Interestingly,
Greb and Gottlieb (2013) demonstrated that
controlled Trichuris suis ova administration
appears to be a promising therapeutic option
for psoriasis.

Systemic Lupus Erythematosus:
Systemic  lupus erythematosus
(SLE) is a chronic autoimmune disease that
is characterized by the abnormal formation
of autoantibodies and inflammation of
various body organs (Kaul et al., 2016).
Willcocks et al., (2010) suggested that the
immune response generated by Plasmodium
falciparum infection proved to exhibit
protection against SLE development as the
gene linked to malaria protection seemed to
be an SLE-susceptible gene too. Malaria in-
fections of lupus mice regulates B cell
autoreactivity and displays protection
against histopathological changes and
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disease progression (Abdel-Maksoud et al.,
2016). Moreover, controlled malaria
infection was shown to attenuate lupus
nephritis in mice by decreasing kidney
oxidative stress and intensifying the
antioxidant defense system (Badr et al.,
2015). Further studies showed that malaria
infection caused alterations in bone marrow
cells hampering the inflammatory dendritic
cells to infiltrate the kidneys which in turn
reduced kidney pathology and immune
infiltrates (Amo et al., 2021).

Similarly, Toxoplasma gondii (T. gondii)
infection has also been proposed to have a
protective value in inhibiting the occurrence
of lupus nephritis in mice by altering mouse
autoantibodies (Chen et al., 2004).

In addition, parasitic helminths can
secrete glycoproteins that are capable of
preventing nephritis in lupus animal models
by reducing the production of antinuclear
antibodies and deposition of immune
complexes (Rodgers et al., 2015). It was
also assumed that helminthic infections (e.g
Schistosoma mansoni) may modulate
cytokine microenvironment and
subsequently alter the pathological
phenotype of autoimmune nephritis through
reducing the production of antinuclear
antibodies and deposition of immune
complexes (Savio and Coutinho-Silva,
2016).

Graves’ Disease:

Graves’ disease is an organ-specific
autoimmune disease leading to
hyperthyroidism and  diffuse  goiter
(Rapoport et al., 1998). A study performed
by Nagayama et al. (2004) revealed that
Schistosoma mansoni inhibited Grave’s
disease development via reduced IgG2a and
anti-thyroid stimulating hormone receptor
antibody levels.

Allergic Disorders:

Allergy is a result of inappropriate
inflammatory immune reaction generated
against various environmental antigens
where Th2 mediated phenotype exists due
to loss of peripheral tolerance mechanisms.
(Conrad et al, 2011). The prevalence of
allergic disorders including allergic rhinitis,

dermatitis and asthmas has markedly
increased recently affecting up to 25% of
the inhabitants in industrialized
communities and is regarded as a major
health and socioeconomic burden (Pinart et
al., 2015).

Normally, a high Th2 response is a
characteristic of allergic disorders (Ayelign
et al, 2020). Helminths upregulate a
population of regulatory T cells, preventing
the Th2 cells from having an abnormal
activity (White et al, 2020). It was
postulated that helminth-induced regulatory
T cells might reduce the responsiveness of
IgE. Besides, anthelminthic IgE may
possibly compete for the same IgE receptors
targeted by other allergen-specific IgE (van
den et al, 2004). Furthermore, previous
investigations suggested that helminths
could provoke a systemic immuno-
modulatory set-up, incorporating regulatory
T cells in addition to anti-inflammatory IL-
10 which in turn induces inhibition of IgE
signaling in basophils (Flohr et al., 2009,
Larson et al., 2012).

Infections with trematodes,
whipworms and hookworms were believed
to be inversely correlated with allergen skin
prick test (Flohr et al., 2009). A Lower
positivity of skin tests to house dust mites
was also observed in children with
Schistosoma haematobium compared to
other non-infected children (van den et al,,
2000).  Several studies conducted in
endemic areas of Schistosoma, Ascaris,
Trichuris, and Ancylostoma infections
declared a notable inverse relationship
between  helminthic  infections and
immediate  skin tests to common
environmental aeroallergens. This could be
attributed to helminths’ ability to suppress
abnormal Th2 immune responses (Araujo et
al., 2000, Cooper et al, 2003 and Medeiros
et al., 2003). Interestingly, it was suggested
that during early helminthic infections,
there is enhancement of allergic
inflammatory reactions, whereas, in chronic
infections, attenuation of the host allergic
reaction  predominates  (Smits  and
Yazdanbakhsh, 2007). Previous studies
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have demonstrated the beneficial role of
proteins produced by hookworms (e.g. anti-
inflammatory protein-2) and filarial cystatin
in alleviating allergy-induced
immunopathology (Danitowicz-Luebert et
al., 2013).

Lately, an interaction between
helminth-derived proteins and the local
microbiome is introduced in which the
microbiome is assumed to stimulate the
intestinal mucosa (mediated by IL-22) to
produce a protective mucous layer
subsequently, reducing the ability of
allergens to cross the epithelial barrier
(Gazzinelli-Guimaraes and Nutman, 2018).

In converse to this concern, other
scientists have deduced that neither the
whipworm nor N americanus proved to
provide significant protection in allergic
conditions including asthma and rhinitis
(Feary et al, 2010). Hence, more
investigations should be performed to
ascertain the absolute role of helminthic
infections as a counter-allergic therapy.
Neurological Disorders:

Multiple Sclerosis

Multiple sclerosis (MS) is an
inflammatory demyelinating disease that
affects the CNS (McFarland and Martin,
2007). It was stated that the global
distribution of MS displays an inverse
correlation to  helminthic  infection
prevalence (Dixit et al, 2017). A study
done by Fleming and Cook, (2006)
demonstrated a relationship between MS
distribution and 7Trichuris trichiura parasite
where MS prevalence seems to decrease
abruptly upon reaching a specific threshold
of T. trichiura (approximately 10%).
Parasite-infected MS patients displayed
obviously  limited relapses, fewer
alterations in disability records and
considerably less MRI activity in
comparison to uninfected patients.
Moreover, treatment of parasitic infections
in those patients resulted in a recurrence of
both clinical and MRI signs of disease to a
level similar to that seen in non-infected
patients. This was combined with the
production of regulatory T cells secreting

suppressive cytokines including IL-10, and
TGF-beta  resulting in  significant
suppressive function (Correale and Farez,
2011).

Parasites may increase both
regulatory T cell numbers or activity, either
by induction of new cells or by activating
and/or expanding the already existing ones
(Maizels et al, 2004). Additionally,
parasitic infections may also generate
regulatory B cells in MS patients, capable
of suppressing the immune response
through IL-10 production (Correale et al,
2008). Nevertheless, it was noted that B
cells of patients with other intracellular
parasites (e.g.Trypanosoma cruzi) exhibit
almost identical IL-10 levels to those
detected in uninfected MS patients,
signifying the inability of intracellular
parasites to modify undesired autoimmune
responses as helminths (Correale and Farez,
2011). Correale and Farez, (2013) revealed
that helminth-related immunomodulation
(as that seen with soluble egg Ag (SEA) of
Schistosoma mansoni), detected in MS
patients was facilitated by TLR2- and
Retinoic acid-dependent pathways, through
both induction of IL-10 and FOXP3+
regulatory T cells and reduction of
proinflammatory cytokines.

Likewise, in animal models,
helminthic infection exhibits adequate
protection of animals from experimental
autoimmune encephalomyelitis (EAE); a
disease that greatly resembles human MS in
its clinical and pathological features, where,
there was a global switch in the immune
response from a pro-inflammatory Thl and
Th17 response towards a type 2 or Treg
response (Dixit et al., 2017). Lund et al.
(2016) stated that FhHDM-1, a 68-mer
peptide produced by Fasciola hepatica had
as well improved the disease in relapsing
immune-mediated demyelination. Other
parasites that might play a role in
ameliorating MS  diseases  include
Schistosoma japonicum (Zheng et al.,
2008), Trichinella spiralis (Radovic et al.,
2015) and Plasmodium Chabaudi (Farias et
al., 2011).
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Autism:

Autism is a neurodevelopmental
dysfunction incorporated into Autism
Spectrum Disorder (ASD) (Vargas et al.,
2005). Helminths are believed to provoke
modulatory and protective effects against
numerous inflammatory disorders,
maintaining both gastrointestinal
homeostasis and modifying brain functions.
It was postulated that Trichuris suis soluble
products could represent a feasible
treatment for autism, and a key for the
development of innovative treatments
(Arroyo-Lopez, 2019).

Several scientists have predicted that
controlled exposure to specific helminths in
Western communities could help to prevent
or treat neuropsychiatric  disorders
including autism (Parker and Ollerton,
2013). This was however controversial due
to the uncontrolled exposure to helminths
usually accompanied by undernourishment
and dehydration in developing countries
(Bilbo et al., 2011) which is usually
associated with developmental delay
(Raison et al, 2010).

Alzheimer’s disease (AD):

Alzheimer’s disease (AD) is a
progressive brain dysfunction that destroys
memory and thinking abilities, eventually
resulting in the inability to accomplish even
simple tasks (Guerreiro and Bras, 2015).

It was reported that 7. gondii-
infected mice displayed elevated values of
anti-inflammatory cytokines (IL-10 and
TGF-b) within the brain tissues associated
with little neurodegeneration, neuronal
death and amyloid accumulation than other
non-infected mice. The authors supported
that 7. gondii elicited neuroprotection prior
to the onset of AD could hamper the
amyloid [ (AB) deposition and
neurodegeneration leading to a reduction of
cognitive functions (Jung et al., 2012).
Similarly, Mohle et al., 2016 revealed the
modulatory effect of chronic latent
toxoplasmosis via AP phagocytosis and
destruction by newly employed immune
cells in the pathology of AD. Moreover,

toxoplasmosis has been evidenced to be
useful in other neurological disorders
including stroke (Arsenijevic et al, 2007),
cerebral ischemia (Lee et al, 2020) and
epilepsy (Ngo et al., 2017). Contrary to the
previously mentioned studies, Li ef al,
(2019) emphasized neurodegenerative
influences as the potential basis for the
relationship between chronic toxoplasmosis
and neuropsychiatric diseases.

Human Immunodeficiency Virus (HIV):

CD4+ T-lymphocytes are the chief
cells infected by human immunodeficiency
virus type 1 (HIV-1). Thus, it was deduced
that immune responses developed against
co-infecting pathogens could probably
influence HIV transmission and progression
(Mouser et al, 2019). Colombe et al. (2018),
demonstrated that patients with
Schistosoma infection develop slower
adverse HIV sequels than non-infected
people. Patients with chronic
schistosomiasis showed increased
peripheral blood percentage and absolute
numbers of Th1l7 cells and T regulatory
cells, which play a crucial role in
controlling the speed of AIDS disease
progression, as compared to uninfected
patients. This was noticeably observed in
patients with marked schistosome-induced
tissue pathology (Larkin ef al, 2012 and
Valverde-Villegas et al., 2015).

It was also postulated that some
helminths e.g. Schistosoma mansoni could
evade and inhibit the human immune
system including the modulation of CD4+
T-lymphocyte (Mouser et al., 2019).
Interestingly, it was found that
Schistosomiasis mansoni was correlated
with a diminution of HIV plasma viral load
while S. haematobium infection was
associated with a decline in cervical viral
load (Bochner et al, 2019). Moreover,
schistosomiasis might be an important
contributor to immune activation in HIV-
coinfected patients as evidenced by a
sustained decrease in IL-10 after
antiretroviral therapy as it could affect
immune defense (Furch et al., 2020).
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Coronavirus Disease (COVID):

Coronavirus SARS-CoV-2
(COVID-19), a strain of severe acute
respiratory syndrome-related coronavirus
(SARSr-CoV), was first recognized in 2019
in Wuhan in China (Song ef al., 2020). The
pathogenesis of severe COVID-19 has been
correlated to overactive Thl responses
(Sinha et al, 2020). Hence, parasite-
induced Th2 and Tregs immune responses
might  counterbalance the immune
hyperactivation recorded in COVID-19.
Moreover, parasite-elicited gut microbiome
alterations could regulate the host’s
immunity (Wolday et al, 2021).
Accordingly, it is postulated that parasitic
infections may affect disease severity via
both direct modification of the immune
system and through indirect parasite-
elicited microbiome regulation (White et
al., 2020).

Cepon-Robins and Gildner (2020)
deduced the protective role of soil-
transmitted  helminth  infections in
minimizing SARS-CoV-2 symptoms and
relieving the undesired COVID-19
consequences. Likewise, variable studies
have demonstrated an inverse relationship
between COVID-19 cases and deaths, and
the endemicity of parasitic infections. For
instance, people in malaria-endemic areas
appear to be resistant to COVID-19, which
was attributed to molecular and genetic
variations (Nioi and Napoli, 2020).
Moreover, similar results were obtained
with schistosomiasis (Zhang et al., 2020).

Actually speaking, several studies
have declared that scarcity of parasitic
coinfection including enteric parasites,
might be correlated with a high risk of
serious COVID-19 disease (Abdoli, 2019).
Chronic  helminthic  infection  was
postulated to exhibit its protective effects
through the accumulation of eosinophils
which in turn prevent viral replication in the
epithelial cells, in addition to Th2-IL-10
system, which could prevent the
characteristic stormy autoimmune
responses (Rodriguez and Veciana, 2020)

However, some concerns should be
addressed regarding the coinfection of
parasites and COVID-19. For instance,
helminthic coinfection might diminish the
protective immune response against
COVID-19 in the initial phase of the
infection, thus, increasing morbidity and
mortality due to the disease. Furthermore,
the suppressed immune response might
even alleviate COVID-19  vaccine
efficiency. (Elsaftawy et al, 2021).
Accordingly, additional investigations are
needed in this field that might even
elucidate the possibility of passive
immunization of patients infected by
COVID-19 with serum from individuals
with previous parasitic infections to
ameliorate their clinical sequalae.

Viruses:

Prior studies performed on animal
models demonstrated the protective impact
of parasitic infections on the control of viral
infections in general (parasites against virus
phenomenon) (Shen et al, 2019). For
instance, coinfection with G. [lamblia
decreases the severity of diarrheal bouts in
rotavirus infections (Bilenko et al., 2004).
Besides, a protective effect was noticed
between Plasmodium spp. and
Chikungunya virus (Teo et al,2018).
Notably, IL-4 response throughout
helminthic infections was presumed to
augment antigen-specific CD8+ T cell
responses in the lungs resulting in overall
control of viral infection (Rolot et al,
2018).

Trichinella spiralis infection was
believed to cause diminished inflammatory
infiltrates of the lungs, reduced
concentrations of TNF in bronchoalveolar
lavage and more rapid recovery of weight in
influenza A virus coinfected mice,
however, it doesn’t inhibit the wviral
clearance itself (Furze et al., 2006).

Similarly, Nematospiroides dubius
proved to reduce the immunopathological
changes induced by the influenza A virus
(McFarlane et al, 2017). Interestingly,
other studies had postulated that during the
early stages of toxoplasmosis, where 7.
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gondii 1s mainly found peripherally,
parasite existence was proved to protect
against subsequent bacterial (Neal and
Knoll, 2014), viral (O’Brien et al., 2011)
and other parasitic (Haque ef al., 1999)
infections.

Inflammaging:

Inflammaging is a status of systemic,
low-grade inflammation that increases with
age independently of affection by infectious
pathogens (Franceschi et al, 2000).
Inflammaging is thought to be a
contributing factor to diseases of older life,
including  heart disease, dementia,
malignancies, chronic obstructive
pulmonary disease and senile eye disease
(Xia et al., 2016 and Akbar and Gilroy,
2020).

According to a study conducted by
Crowe et al., 2020, the authors reported that
treatment with a glycoprotein (ES-62)
produced by the filarial nematode can
protect against murine aging by provoking
anti-inflammatory  responses. It was
postulated that helminth therapy might
counter symptoms of aging or slow them
(Zhang and Gems, 2021). This could be
explained that helminths might inhibit
tissue aging in their hosts with the purpose
of protecting their local niche; as in
inhibition of the pro-aging mTOR pathway
in human dendritic cells by the presence of
Brugia malayi microfilaria (Narasimhan et
al., 2016). Hypothetically, helminths could
reverse  inflammation by  inhibiting
inflammation sources by avoiding gut
barrier permeability, neutralizing the
already existing inflammation by increasing
anti-inflammatory to pro-inflammatory
cytokines or restoring inflaming tissue
damage through IL-22 induction (Zhang
and Gems, 2021). Lifespan extension
following parasitic infections has been
proved in many other host—parasite systems
(Vézilier et al, 2012, Dianne et al., 2011 and
Weinreich et al., 2013) where the parasites
seem to increase host survival to be able to
finish their own development before the
host’s death.

Cancer:

Generally, cancer is considered hard
to fight because of its capacity to trick the
immune system through non-recognizing
cancer cells as a danger thus the immune
system admits cell proliferation and
subsequently, tumor development (Muenst
et al., 2016). Consequently, the basis of
cancer therapy is circled around the
introduction of substances that non-
specifically promote the body’s natural
defense strategies or aid in distinguishing
and responding to cancer cells. Within this
concern, recent cancer management is
chiefly targeting the immune response to
the tumor rather than the tumor directly
(Grosser et al., 2019). Recent studies have
proposed that combating cancer could
benefit from the ability of the parasites to
modulate their hosts’ immune systems.
However, the exact mechanisms of action
exerted by the parasites and their products
in immunomodulation of tumor progression
are still not yet entirely recognized (Morrot,
2020). These mechanisms might include
presenting common antigens between
parasite and cancer cells, activation of
innate and acquired immunity or induction
of apoptosis, anti-angiogenesis and
modification of anti-inflammatory response
that enhance cancer development (Callejas
et al., 2018).

Several parasites have been reported
for their antitumor effects including
Echinococcus granulosus (Morrot, 2020),
Trypanosoma cruzi in sarcoma-180 or
Ehrlich’s adenocarcinoma and lymphoma (
Kallinikova et al., 2006), Toxoplasma
gondii in fibrosarcoma and Lewis lung
cancer, Toxocara canis in fibrosarcoma
(Darani et al, 2009), Acanthamoeba
castellani and Trichinella spiralis 1n
melanoma (Pidherney et al, 1993 and Kang
et al., 2013) and Plasmodium yoelii in
Lewis lung cancer (Chen et al., 2011).

However, it was previously noted
that in high-intensity infection, the harm
elicited by parasites may render the host
susceptible to other certain types of cancer
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(Thomas et al., 1990). Within this context,
a positive correlation between cancers and
Clonorchis sinensis (Pao Chang, 1956),
Schistosoma haematobium (Thomas et al.,
1990), S. mansoni (Abdel-Rahim, 2001),
Trichomonas vaginalis (Zhang et al., 1995)
and Opisthorchis viverini (Vennervald and
Polman, 2009), were recorded.

Fertility:

The prior study performed by
Blackwell et al, 2015 deduced that different
helminths are accompanied by diverse
effects on women’s fecundity suggesting
both physiological and immunologic
outcomes of infection. They observed that
women with chronic roundworm infection
displayed earlier first pregnancy with
shorter interbirth periods and more children,
while successive hookworm infections were
associated with delayed first birth, longer
interbirth intervals and fewer offspring.
Nevertheless, in animal models, parasitic
infections, in general, negatively influence
the fecundity of female sheep (Fthenakis et
al., 2015). With this concern in mind,
further  research by  obstetricians,
parasitologists and endocrinologists is
crucial to illustrate possible correlations
between infections due to parasites and
fecundity in humans.

Wound Healing:

Wound healing is an active
consecutive process including multiple
stages  (exudative, proliferative and
extracellular matrix remodeling) (Gonzalez
et al., 2016). Hirudotherapy or medicinal
leech therapy (MLT) is an
established,integrative treatment where its
first application was painted in the
hieroglyphics from the ancient Egyptian
civilization (Whitaker et al, 2004).
Medicinal leech therapy constitutes the
biting spur, drawing of blood and injection
of active substances present in leeches'
saliva. Its curative impacts are due to
anticoagulation, enhancement of blood and
lymph flow and suppression of pain and
inflammation (Sig et al, 2017). It is
supposed to deliver three chief mechanisms
within wound healing: wound debridement,

disinfection, and rapid wound healing. It is
now proposed that MLT could be
beneficially used in wounds due to acute
venous congestion and other chronic ulcer-
associated wounds. (Sherman, 2014).
Moreover, MLT has also been successfully
utilized in patients with osteoarthritis
(Cooper and Mologne, 2016), epicondylitis
(Bécker et al., 2011), lower back pain
(Hohmann et al, 2018), salivary gland
diseases (Singh, 2010), haematomas
(Godekmerdan et al, 2011), haemorrhoids
(Bhagat et al.,2012), Tinnitus, acute and
chronic otitis and glaucoma (Singh and
Rajoria, 2020). Interestingly, Zaidi (2016)
has demonstrated wound healing using
leech therapy in a 60-year-old diabetic
female patient in association with Unani
medicine as a blood purifier. He stated that
using hirudotherapy over 3 to 5 months
resulted in the disappearance of necrotic
areas and complete healing of wounds.

However, further studies are still
required to establish the role of MLT in
different lesions since its use may adversely
cause undesirable complications such as
allergic reactions, bleeding, or even
infections (Schnabl et al., 2010).

Another study conducted in 2015,
deduced that a growth factor secreted from
the liver fluke Opisthorchis viverrini could
enhance acute and chronic wound healing
of mammalian host tissue in vivo which
might provide major potential as a novel
therapeutic mode (Smout et al., 2015).
Conclusions and Recommendations:

Conclusively, an adequate
understanding of parasite modulation of
human immunity eventually succeeded in
contributing to different disease control.
Many disorders including allergic,
inflammatory, infectious, degenerative, or
even tumors have efficiently benefited from
parasitic existence. Identifying different
parasites involved in the improvement of
patients of variable diseases, in addition to
the associated underlying mechanisms,
would ultimately exhibit therapeutic
measures for these patients. Furthermore,
perspectives on using parasites as lower
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therapeutic costs as compared to other
medicinal  drugs should be more
emphasized. Essentially, more research is
needed to illustrate existing challenges
concerning safety, dosages, as well as
possible side effects of utilizing parasites in
future therapy against diseases in humans.
Conflict of interest: There are no conflicts
of interest.
Ethical statements: The authors declare
that this manuscript hasn’t been published
elsewhere and is not currently being
considered by another journal.
REFERENCES
Abdel-Maksoud MA, Abdel-Ghaffar FA,
El-Amir A, et al. (2016). Infection
with  Plasmodium  chabaudi
diminishes  plasma  immune
complexes and ameliorates the
histopathological alterations in
different organs of female BWF1
lupus mice. European Review for
Medical and Pharmacological
Sciences, 20:733-744.
Abdel-Rahim AY  (2001). Parasitic
infections and hepatic neoplasia.
Digest Dis 19(4): 288-291.
Abdoli A (2019). Therapeutic Potential of
Helminths and Helminth-Derived
Antigens for Resolution of
Inflammation in Inflammatory
Bowel Disease. Archives of
Medical Research, 50(1):58-59.
Akbar AN, Gilroy DW (2020). Aging

immunity may exacerbate
COVID-19. Science, 369:256—
257.

Alghasham A, Rasheed Z (2014).
Therapeutic targets for rheumatoid
arthritis: progress and promises.
Autoimmunity, 47(2):77-94.

Amo L, Kole HK, Scott B et al. (2021).
CCL17-producing cDC2s are
essential in end-stage lupus
nephritis and averted by a parasitic
infection. Journal of Clinical
Investigation, 1;131(11):e148000.

Aoyama H, Hirata T, Sakugawa H et al.
(2007). An inverse relationship
between autoimmune liver

diseases and Strongyloides
stercoralis infection. American
journal of tropical medicine and
hygiene, 76: 972-976.

Apaer S, Tuxun T, Ma HZ et al. (2016).
Parasitic infection as a potential
therapeutic tool against
rheumatoid arthritis. Experimental
and Therapeutic Medicine, 12(4):
2359-2366.

Aranzamendi C, Sofronic-Milosavljevic L,
Pinelli E (2013). Helminths:
immunoregulation and
inflammatory diseases which side
are Trichinella spp. and Toxocara
spp. on? Journal of Parasitology
Research,11.

Araujo MI, Lopes AA, Medeiros M et al.
(2000). Inverse association
between  skin  response  to
aeroallergens and Schistosoma
mansoni infection. [International
Archives of Allergy and
Immunology, 123(2):145-8.

Arneth B, Arneth R, Shams M (2019).
Metabolomics of Type 1 and Type
2 Diabetes. International Journal
of Molecular Sciences, 18;20
(10):2467.

Arroyo-Lopez C (2019) Helminth therapy
for autism under gut-brain axis-
hypothesis. Medical Hypotheses,
125:110-118.

Arsenijevic D, de Bilbao F, Vallet P et al.
(2007). Decreased infarct size after
focal cerebral ischemia in mice
chronically infected with
Toxoplasma gondii. Neuroscience,
12;150(3):537-46

Artis D, Pearce EJ (2013). Special issue:
translatability of helminth therapy.
International Archives of Allergy
and Immunology, 43:189.

Ayelign B, Akalu Y, Teferi B, Molla MD,
Shibabaw T (2020). Helminth
Induced Immunoregulation and
Novel Therapeutic Avenue of
Allergy. Journal of Asthma and
Allergy, Oct 7;13:439-451



94 Adel, Marwa and Rizk, Enas

Bach JF, Chatenoud L (2012). The hygiene
hypothesis: an explanation for the
increased frequency of insulin-
dependent diabetes. Cold Spring
Harb Perspect Medicine, Feb;
2(2):a007799.

Biacker M, Liidtke R, Afra D et al. (2011).
Effectiveness of leech therapy in
chronic lateral epicondylitis: a
randomized controlled trial. The
Clinical Journal of Pain, 27(5):
442-7.

Badr G, Sayed A, Abdel-Maksoud MA et
al. (2015). Infection of female
BWF1 lupus mice with malaria
parasite  attenuates B cell
autoreactivity by modulating the
CXCLI12/CXCR4 Axis and its
downstream signals PI3K/AKT,
NFkappaB and ERK. PLoS Ore,
10(4): e0125340.

-Bager P, Arnved J, Renborg S Wohlfahrt J,
Poulsen LK, Westergaard T et al.
(2010). Trichuris suis ova therapy
for allergic rhinitis: a randomized,
double-blind, placebo-controlled
clinical trial. The Journal of
Allergy and Clinical Immunology,
125(1):123-30.

Baumgart DC, Carding SR. Inflammatory
bowel  disease: cause an
immunobiology. Lancet, 2007;
369:1627e1640.

Berbudi A, Surendar J, Ajendra J et al.
(2016). Filarial Infection or
Antigen Administration Improves
Glucose Tolerance in Diet-
Induced Obese Mice. Journal of
Innate Immunity, 8(6):601-616.

Bhagat, PJ, Raut, SY, Lakhapati AM
(2012). Clinical efficacy of
Jalaukawacharana (leech
application) in  Thrombosed
piles. Journal of Ayurveda and
Integrative Medicine, 33(2):261—
263.

Bilbo SD, Wray GA, Perkins SE, Parker W
(2011). Reconstitution of the
human biome as the most
reasonable solution for epidemics

of allergic and autoimmune
diseases. Medical Hypotheses,
77(4):494-504.

Bilenko N, Levy A, Dagan R et al. (2004).
Does co-infection with Giardia
lamblia modulate the clinical
characteristics of enteric infections
in young children? European
Journal of Epidemiology, 19:877—
881.

Blackwell AD, Tamayo MA, Beheim B et
al. (2015). Helminth infection,
fecundity, and age of first
pregnancy in women. Science,
20;350(6263):970-2

Bluestone JA, Buckner JH, Fitch M,
Gitelman SE, Gupta S, Hellerstein
MK, Herold KC, Lares A, Lee
MR, Li K, Liu W, Long SA,
Masiello LM, Nguyen V, Putnam
AL, Rieck M, Sayre PH, Tang Q
(2015).  Type 1  diabetes
immunotherapy using polyclonal
regulatory T cells. Science
Translational  Medicine  ,25;
7(315):315ral89.

Bochner AF, Secor WE, Baeten JM et al.
(2019). Schistosomiasis was not
associated with higher HIV-1
plasma or genital set point viral
loads among HIV seroconverters
from four cohort studies. PLOS
Neglected  Tropical Diseases,
20;13(11):e0007886.

Callejas BE, Martinez-Saucedo D, Terrazas
LI (2018). Parasites as negative
regulators of cancer. Bioscience
reports, 22;38(5): BSR20180935

Carranza F, Falcon CR, Nunez N et al
(2012). Helminth antigens enable
CpG-activated dendritic cells to
inhibit the symptoms of collagen-
induced arthritis through Foxp3C
regulatory T cells. PLOS ONE,
7:€40356.

Cepon-Robins TJ, Gildner TE (2020). Old
friends meet a new foe: A potential
role for immune-priming parasites
in mitigating COVID-19
morbidity and mortality.



Parasites From Morbidity to Remedy 95

Evolution, Medicine, and Public
Health, 20;(1):234-248.

Chen F, Liu Z, Wu W et al.(2012). An
essential role for TH2-type
responses in limiting acute tissue
damage during experimental
helminth infection. Nature
Medicine, 15;18(2):260-6.

-Chen L, He Z, Qin L et al. (2011).
Antitumor effect of malaria
parasite infection in a murine
Lewis lung cancer model through
induction of innate and adaptive
immunity. PLoS One, 6(9):
€24407.

Chen M, Aosai F, Norose K et al. (2004).
Toxoplasma  gondii  infection
inhibits the development of lupus-
like syndrome in autoimmune
(New Zealand Black x New
Zealand  White) F1  mice.
International  Immunology, 16

(7):937-946.

Chen Y, Lu J, Huang Y ef al. (2013).
Association of previous
schistosome infection with

diabetes and metabolic syndrome:
a cross-sectional study in rural
China. The Journal of Clinical
Endocrinology and Metabolism,
98(2):E283-7.

Colombe S, Machemba R, Mtenga B et al.
(2018). Impact of schistosome
infection on long-term HIV/AIDS

outcomes. PLOS  Neglected
Tropical  Diseases,  2;12(7):
€0006613.

Conrad ML, Renz H, Blaser K (2011).
Immunological approaches for
tolerance induction in allergy.
Current Topics in Microbiology
Immunology, ;352:1-26.

Cooper EL, Mologne N (2016). Exploiting
leech saliva to treat osteoarthritis:
A provocative  perspective.
Journal  of traditional and
complementary  medicine, 7(3):
367-369.

Cooper PJ, Chico ME, Rodrigues LC et al.
(2003). Reduced risk of atopy

among school-age children
infected with geohelminth
parasites in a rural area of the
tropics. The Journal of Allergy and
Clinical Immunology, 111(5):995-
1000.

Coronado S, Barrios L, Zakzuk J et al.
(2017). A recombinant cystatin
from Ascaris lumbricoides
attenuates inflammation of DSS-
induced colitis. Parasite
Immunology, 39(4).

Correale J, Farez F, Razzitte G (2008).
Helminth infections associated
with multiple sclerosis induce
regulatory B cells. Annals of
Neurology, 64: 187—-199.

Correale J, Farez MF (2011). The impact of

environmental infections
(parasites) on MS activity.
Multiple Sclerosis Journal,

17(10):1162-9.

Correale J, Farez MF (2013). Parasite
infections in multiple sclerosis
modulate  immune  responses
through a retinoic acid-dependent
pathway. Journal of Immunology,
1;191(7):3827-37.

Crowe J, Lumb FE, Doonan J ef al. (2020).
The parasitic worm product ES-62
promotes health- and life-span in a
high  calorie  diet-accelerated
mouse model of ageing. PLOS
Pathogens, 16:¢1008391.

Danitowicz-Luebert E, Steinfelder S, Kiihl
AA et al, (2013). A nematode
immunomodulator suppresses
grass  pollen-specific  allergic
responses by controlling excessive
Th2 inflammation. [International
Journal for Parasitology, 43(3-
4):201-10.

Darani HY, Shirzad H, Mansoori F et al.
(2009). Effects of Toxoplasma
gondii and  Toxocara canis

antigens on  WEHI- 164
fibrosarcoma growth in a mouse
model. Korean Journal

Parasitology, 47(2):175.



96 Adel, Marwa and Rizk, Enas

Dianne L, Perrot-Minnot MJ, Bauer A et al.
(2011). Protection first then
facilitation: a  manipulative
parasite modulates the
vulnerability to predation of its
intermediate host according to its
own developmental stage.
Evolution, 65:2692-2698.

Dixit A, Tanaka A, Greer JM, Donnelly S
(2017). Novel Therapeutics for
Multiple Sclerosis Designed by
Parasitic Worms. [International
Journal of Molecular Sciences,
13;18(10):2141.

Eichenberger RM, Sotillo J, Loukas A
(2018). Immunobiology  of
parasitic  worm  extracellular
vesicles. Immunology of Cell
Biology, 29.

Elsaftawy E, Wassef R, Amin N (2021)
.Can endemic parasitic diseases
and/or vectors play a role in the
COVID-19 pandemic?
Parasitologists United Journal
(PUJ), 14(1):7-14.

Everts B, Smits HH, Hokke CH,
Yazdanbakhsh M (2010)
Helminths and dendritic cells:
sensing and regulating via pattern
recognition receptors, Th2 and
Treg responses. European Journal
of Immunology, 40(6):1525-37.

Farias AS, Talaisys RL, Blanco YC et al.
(2011).  Regulatory T cell
induction during  Plasmodium
chabaudi infection modifies the
clinical course of experimental
autoimmune encephalomyelitis.
PLoS One, 25;6(3):e17849.

Feary JR, Venn AJ, Mortimer K et al
(2010). Experimental hookworm
infection: a randomized placebo-
controlled trial in asthma. Clinical
& Experimental Allergy, 40(2):
299-306.

Fleming JO, Cook TD (2006) Multiple
sclerosis and the  hygiene
hypothesis. Neurology, 67: 2085—
2086.

Flohr C, Quinnell RJ, Britton J (2009) .Do
helminth parasites protect against
atopy and allergic disease?
Clinical & Experimental Allergy,
39(1):20-32.

Franceschi C, Bonafe® M, Valensin S et al.
(2000). Inflamm-aging. An
evolutionary  perspective  on
immunosenescence. Annals of the
New York Academy of Sciences,

908:244-254.
Fthenakis GC, Mavrogianni VS, Gallidis E,
Papadopoulos E(2015).

Interactions between parasitic
infections and  reproductive
efficiency in sheep. Veterinary
Parasitology, 28;208(1-2):56-66

Furch BD, Koethe JR, Kayamba V et al.
(2020). Interactions of
Schistosoma and HIV in Sub-
Saharan Africa: A Systematic
Review. American Journal of
Tropical Medicine and Hygiene,
102(4):711-718

Furze RC, Hussell T, Selkirk ME (2006).
Amelioration of influenza-induced
pathology in mice by coinfection
with Trichinella spiralis. Infection
and Immunity, 74(3):1924-32.

Gazzinelli-Guimaraes PH, Nutman TB
(2018). Helminth parasites and
immune regulation. F1000Res
23;7:F1000 Faculty Review -1685.

Godekmerdan A, Arusan S, Bayar B,
Saglam N (2011). Tibbi siiliikler
ve hirudoterapi [Medicinal leeches
and  hirudotherapy].  Turkiye
Parazitol Derg, 35(4):234-9.

Gonzalez AC, Costa TF, Andrade ZA,
Medrado AR (2016). Wound
healing - A literature review. Anais
Brasileiros de  Dermatologia,
91(5):614-620.

Greb J, Gottlieb A (2013). Worms: A
Remarkably Reasonable
Treatment Option for Psoriasis.

Psoriasis Forum  Association,
19a(3):94-97.



Parasites From Morbidity to Remedy 97

Griffiths CE, Baker JN  (2007).
Pathogenesis and clinical features
of psoriasis.Lancet, 370:263-71.

Grosser R, Cherkassky L, Chintala N,
Adusumilli PS (2019).
Combination Immunotherapy with
CAR T Cells and Checkpoint
Blockade for the Treatment of
Solid Tumors. Cancer Cell,
11;36(5):471-482.

Guerreiro R, Bras J (2015). The age factor
in Alzheimer's disease. Genome
Medicine, 20;7:106.

Haak S, Gyiilveszi G, Becher B (2009)
.Th17 cells in autoimmune
disease: changing the verdict.
Immunotherapy, 1:199-203.

Haarder S, Kania PW, Holm TL et al
(2017). Effect of ES-products from
Anisakis (Nematoda: Anisakidae)
on experimentally induced colitis
in adult zebrafish. Parasite
Immunology, 39: e12456.

Haque A, Graille M, Kasper LH, Haque S
(1999). Immunization with heat-
killed Toxoplasma gondii
stimulates an early IFN-gamma
response and induces protection
against virulent murine malaria.
Vaccine, 17, 2604-2611.

Hohmann CD, Stange R, Steckhan N et al.
(2018). The Effectiveness of
Leech Therapy in Chronic Low
Back  Pain. Ditsch  Arztebl
International, 3;115(47):785-792.

Hussaarts L, Garcia-Tardon N, van Beek L
et al. (2015). Chronic helminth
infection and helminth-derived
egg antigens promote adipose
tissue M2 macrophages and
improve insulin sensitivity in
obese mice. The FASEB Journal,
29(7):3027-39.

Imai S, Tezuka H, Fujita K (2001) A factor
of inducing IgE from a filarial

parasite prevents insulin-
dependent diabetes mellitus in
nonobese diabetic mice.

Biochemical and  Biophysical

Research Communications
(BBRC), 286:1051-1058.

Jang SW, Cho MK, Park MK et al. (2011).
Parasitic helminth cystatin inhibits
DSS-induced intestinal
inflammation via IL-10(+) F4/
80(+) macrophage recruitment.
Korean Journal of Parasitology,
49(3):245-54.

Jung BK, Pyo KH, Shin KY et al. (2012).
Toxoplasma gondii infection in the
brain inhibits neuronal
degeneration and learning and
memory impairments in a murine
model of Alzheimer's disease.
PLoS One, 7(3):¢33312.

Jung JY, Suh CH (2017) Infection in
systemic lupus erythematosus,
similarities, and differences with
lupus flare. Korean Journal of
International Medicine, 32(3):
429-438.

Kallinikova VD, Borisova EN,
Pakhorukova LV et al. (20006).
Immunization against
Trypanosoma cruzi and tumor
growth in mice. Meditsinskaia
parazitologiia, (4):9-12.

Kang YJ, Jo JO, Cho MK et al (2013)
Trichinella  spiralis  infection
reduces tumor growth and
metastasis of B16-F10 melanoma
cells. Veterinary Parasitology, 1;
196(1-2):106-13.

Kaul A, Gordon C, Crow MK et al. (2016).
Systemic lupus erythematosus.
Nature Reviews Disease Primers,
16;2:16039.

Khor B, Gardet A, Xavier RJ 2011 Genetics
and pathogenesis of inflammatory
bowel disease. Nature; 474:
307e317.

Kiykim A, Ogiiliir I, Yazic1 D, Cokugras H,
Akdis M, Akdis CA (2023).
Epithelial barrier hypothesis and
its comparison with the hygiene
hypothesis. Turkish Archives of
Pediatrics,58(2):122-128.

Kron MA, Metwali A, Vodanovic-Jankovic
S, Elliott D (2013). Nematode



98 Adel, Marwa and Rizk, Enas

asparaginyl- tRNA synthetase
resolves intestinal inflammation in
mice with T-cell transfer colitis.
Clinical and Vaccine Immunology,
20:276-281.

Larkin BM, Smith PM, Ponichtera HE et al.
(2012). Induction and regulation of
pathogenic Th17 cell responses in
schistosomiasis.  Seminars in
Immunopathology, 34(6):873-888.

Larson D, Hubner MP, Torrero MN, et al.
(2012). Chronic helminth infection
reduces basophil responsiveness in
an  IL-10-dependent = manner.
Journal of Immunology, 188(9):
4188-99.

Lee SH, Jung BK, Song H et al. (2020).
Neuroprotective Effect of Chronic
Intracranial Toxoplasma gondii
Infection in a Mouse Cerebral
Ischemia Model. Korean Journal
of Parasitology, 58(4):461-466.

Lew W, Bowcock AM, Krueger JG (2004).

Psoriasis  vulgaris:  cutaneous
lymphoid tissue supports T-cell
activation and  “Type 17

inflammatory gene expression.
Trends Immunology, 25(6): p. 295-
305.

Li Y, Severance EG, Viscidi RP et al
(2019).Persistent Toxoplasma Infe
ction of the Brain Induced
Neurodegeneration  Associated
with Activation of Complement
and Microglia. Infection and
Immunity, 23;87(8):¢00139-19

Liu F, Cheng W, Pappoe F et al. (2016).
Schistosoma japonicum cystatin
attenuates ~ murine  collagen-
induced arthritis. Parasitology
Research, 115(10):3795-806.

Logan E, Chetty A, Horsnell WG (2014)
.The role of antibody in parasitic
helminth infections. In: Horsnell
WG, editor. How helminths alter
immunity to infection. NewY ork:
Springer-Verlag p. 1-26.

Lund ME, Greer J, Dixit A et al. (2016). A
parasite-derived 68-mer peptide
ameliorates autoimmune disease in

murine models of Type 1 diabetes
and multiple sclerosis. Scientific
Reports, 24;6:377809.

Mabbott NA (2018). The Influence of
Parasite Infections on Host
Immunity to Co-infection With
Other Pathogens. Frontiers in
Immunology, 8;9:2579.

Mahanty S, Nutman TB (1995).
Immunoregulation in  human
lymphatic filariasis: The role of
interleukin  10.  Parasite and
Immunology, 17(8): 385-92.

Maizels RM, Balic A, Gomez-Escobar N et
al. (2004). Helminth parasites —

masters of regulation.
Immunological Reviews, 201: 89—
116.

Maizels RM, Smits HH, McSorley HJ
(2018). Modulation of Host
Immunity by Helminths: The
Expanding Repertoire of Parasite
Effector Molecules. Immunity,
Nov 20;49(5):801-818.

Maizels RM, Yazdanbakhsh M (2003).
Immune regulation by helminth
parasites: cellular and molecular
mechanisms.  Nature  Reviews
Immunology, 3(9):733-44.

Matisz CE, Faz-Lopez B, Thomson E et al.
(2017). Suppression of colitis by
adoptive transfer of helminth
antigen-treated  dendritic  cells
requires interleukin-4 receptor-a
signaling.  Scientific  reports,
17;7:40631.

Matisz CE, McDougall JJ, Sharkey KA,
McKay DM (2011). Helminth
parasites and the modulation of
joint inflammation. Journal of
Parasitology Research, 942616

McFarland HF, Martin R (2007). Multiple
sclerosis: a complicated picture of
autoimmunity. Nature
immunology, 8: 913-919.

McFarlane AJ, McSorley HJ, Davidson DJ
et al. (2017). Enteric helminth-
induced type I interferon signaling
protects against pulmonary virus
infection through interaction with



Parasites From Morbidity to Remedy 99

the microbiota. Journal of
Allergy and Clinical Immunology,
140(4):1068-1078.¢6.

McSorley HJ, Gaze S, Daveson J, Jones D
et al. (2011). Suppression of
inflammatory immune responses
in celiac disease by experimental
hookworm infection. PLoS Orne,
6(9):€24092.

Medeiros M Jr, Figueiredo JP, Almeida MC
et al. (2003).  Schistosoma
mansoni infection is associated
with a reduced course of asthma.
The Journal of Allergy and
Clinical Immunology, 111(5):947-

51.
Mohle L, Israel N, Paarmann K et al
(2016).  Chronic  Toxoplasma

gondii infection enhances -
amyloid phagocytosis and
clearance by recruited monocytes.
Acta Neuropathologica
Communication, 16;4:25.

Morrot A (2020). Cancer immunotherapy:
lessons from the parasites to
improve fighting against tumors.
Precision Cancer Medicine 11:1-
3.

Mouser EE, Pollakis G, Smits HH et al.
(2019).  Schistosoma  mansoni
soluble egg antigen (SEA) and
recombinant Omega-1 modulate
induced CD4+ T-lymphocyte
responses and HIV-1 infection in
vitro. PLoS  Pathogenes, 5;
15(9):¢1007924.

Muenst S, Laubli H, Soysal SD et al.
(2016). The immune system and
cancer evasion strategies:
therapeutic concepts. Journal of
Internal Medicine, 279(6):541-62.

Murdaca G, Greco M, Borro M, Gangemi S
(2021). Hygiene hypothesis and
autoimmune diseases: A narrative
review of clinical evidences and
mechanisms. Autoimmune
Reviews, Jul;20(7):102845.

Nagayama, Y., Watanabe, K., Niwa, M.,
McLachlan, S. M. and Rapoport,
B. (2004). Schistosoma mansoni

and a-galactosylceramide:
prophylactic effect of Th1 immune
suppression in a mouse model of
Graves’ hyperthyroidism.  The
Journal of Immunology, 173(3):
2167-2173.

Narasimhan PB, Bennuru S, Meng Z et al.
(2016). Microfilariae of Brugia
malayi inhibit the mTOR pathway
and induce autophagy in human
dendritic cells. [Infection and
Immunity, 84:2463-2472.

Neal LM, Knoll LJ (2014). Toxoplasma
gondii profilin promotes
recruitment of Ly6Chi CCR2+
inflammatory monocytes that can
confer resistance to Dbacterial
infection. ~ PLoS  Pathogens,
12;10(6):¢1004203.

Ngb6 HM, Zhou Y, Lorenzi H ef al. (2017).
Toxoplasma Modulates Signature
Pathways of Human Epilepsy,
Neurodegeneration &  Cancer.
Scientific Reports, 13;7(1):11496.

Nioi M, Napoli PE (2020). Global Spread of
Coronavirus Disease 2019 and
Malaria:  An  Epidemiological
Paradox. Journal of Clinical
Medicine, 9:1138.

O’Brien KB, Schultz-Cherry S, Knoll LJ
(2011). Parasite-mediated
upregulation of NK cell-derived
gamma interferon protects against
severe highly pathogenic H5N1
influenza virus infection. Journal
of Virology, 85, 8680-8688.

Osada, Y., Morita, K., Tahara, S., Ishihara,
T., Wu, Z., Nagano, I., et al
(2020). Th2 signals are not
essential for the anti-arthritic
effects of Trichinella spiralis in
mice. Parasite Immunology, 42(1):
el2677.

Pao Chang H (1956). The relationship
between primary carcinoma of the
liver and infestation  with
Clonorchis sinensis. Journal of
Pathological  Bacterial, 72(1),
239-246 (1956).



100 Adel, Marwa and Rizk, Enas

Parker W, Ollerton J (2013). Evolutionary
biology and anthropology suggest
biome reconstitution as a
necessary approach toward dealing

with immune disorders. Evolution
Medicine Public Health, (1):89-

103
Pastille E, Frede A, McSorley HJ et al.
(2017). Intestinal helminth

infection drives carcinogenesis in
colitis-associated colon cancer.
PLoS  Pathogens, 22;13(9):
€1006649.

Pidherney MS, Alizadeh H, Stewart GL et
al. (1993). In vitro and in vivo
tumoricidal ~ properties of a
pathogenic/ free-living amoeba.
Cancer Letter, 72(1-2): 91-98.

Pinart M, Albang R, Maier D et al. (2015).
Systematic  Review on the
Definition of Allergic Diseases in
Children: The MeDALL Study.
International Archives of Allergy
and Immunology, 168(2):110-21.

Radovic I, Gruden-Movsesijan A, Ilic N et
al. (2015). Immunomodulatory
effects of Trichinella spiralis-
derived excretory-secretory
antigens. Immunology Research,
61(3):312-25.

Raison CL, Lowry CA, Rook GW
(2010). Inflammation, sanitation,
and consternation: Loss of contact
with  coevolved, tolerogenic
microorganisms and the
pathophysiology and treatment of
major depression. Archives  of
General Psychiatry, 67(12):1211-
1224,

Rapoport B, Chazenbalk GD, Jaume JC,
McLachlan SM (1998). The
thyrotropin ~ (TSH)  receptor:
interaction with TSH  and
autoantibodies. Endocrine
Reviews;19(6):673-716.

Ratna A, Arora SK (2018).
Immunomodulators as Therapeutic
Option in Parasitic Infections.
Journal of Bacteriol Vaccine
Research, 1 (1):1002.

Reddy SM, Reddy PM, Amdare N et al.
(2017). Filarial Abundant Larval
Transcript Protein ALT-2: An
Immunomodulatory  Therapeutic
Agent for Type 1 Diabetes. Indian
Journal of Clinical Biochemistry,
32(1):45-52.

-Rodgers DT, McGrath MA, Pineda MA et
al. (2015). The parasitic worm
product ES-62 targets myeloid
differentiation factor 88-dependent
effector mechanisms to suppress
antinuclear antibody production
and proteinuria in MRL/Ipr mice.
Arthritis Rheumatology, 67 (4)
1023-1035.

Rodriguez C, Veciana C (2020). The global
helminth belt and COVID-19: the
new eosinophilic link,” Qeios,

Rolot M, Dougall AM, Chetty A et al
(2018). Helminth-induced IL-4

expands  bystander = memory
CD8" T cells for early control of
viral infection. Nature

Communication, 30;9(1):4516.

Rook GA (2012). Hygiene hypothesis and
autoimmune diseases.  Clinical
Reviews in Allergy & Immunology,
42:5-15.

Rzepecka J, Siebeke I, Coltherd JC et al.
(2013). The helminth product, ES-
62, protects against airway
inflammation by resetting the Th
cell phenotype. International
Journal of Parasitology, 43(3-
4):211-23

Salinas-Carmona MC, de la Cruz-Galicia
G, Pérez-Rivera I et al. (2009).
Spontaneous arthritis in MRL/lpr
mice is aggravated by
Staphylococcus ~ aureus  and
ameliorated by Nippostrongylus
brasiliensis infections.
Autoimmunity, 42(1):25-32.

Saunders KA, Raine T, Cooke A,
Lawrence, CE (2007). Inhibition
of autoimmune type 1 diabetes by
gastrointestinal helminth infection.
Infection Immunology, 75:397—
407.



Parasites From Morbidity to Remedy 101

Savio LE, Coutinho-Silva R (2016).
Purinergic signaling in infection
and autoimmune disease.
Biomedical Journal, 39:304-305.

Schnabl SM, Kunz C, Unglaub F et al
(2010).  Acute  postoperative
infection with Aeromonas
hydrophila after using medical
leeches for treatment of venous
congestion. Archives Orthopedic
Trauma Surgery, 130(10):1323-8.

Shen SS, Qu XY, Zhang WZ et al. (2019).
Infection against infection:
parasite  antagonism  against
parasites, viruses, and bacteria.
Infectious Diseases of Poverty,
8(1):49.

Sherman RA (2014). Mechanisms of
maggot-induced wound healing:
what do we know, and where do
we go from here? Evidence Based
Complement Alternat Medicine,
2014:592419

Shi M, Wang A, Prescott D et al. (2011).
Infection with an intestinal
helminth parasite reduces Freund's
complete adjuvant-induced
monoarthritis in mice. Arthritis
Rheumatology, 63(2):434-44.

Sig AK, Guney M, Uskudar Guclu A,
Ozmen E (2017) Medicinal leech
therapy-an overall perspective.
Integrative Medicine Research,
6(4):337e343.

Singh A.P. (2010). Medicinal leech therapy
(hirudotherapy): a brief overview.
Complementary  Therapies in
Clinical Practice, 16(4): 213-215.

Singh S.K. and Rajoria K. (2020): Medical
leech therapy in ayurveda and
biomedicine—a review. Journal of
Ayurveda and Integrative
Medicine, 11(4): 554-564.

Sinha P, Matthay MA, Calfee CS (2020) Is
a “cytokine storm” relevant to
COVID-19. JAMA International
Medicine, 180:1152-4.

Smallwood TB, Giacomin PR, Loukas A et
al. (2017). Helminth
Immunomodulation in

Autoimmune  Disease.  Front
Immunology, 24;8:453.
Smits HH, Yazdanbakhsh M (2007).

Chronic  helminth  infections
modulate allergenspecific immune
responses:  Protection  against

development of allergic disorders?
Annals of Medicine, 39(6): 428—
39.

Smout MJ, Sotillo J, Laha T et al. (2015).
Carcinogenic Parasite Secretes
Growth Factor That Accelerates
Wound Healing and Potentially
Promotes Neoplasia. PLoS
Pathogens, 20;11(10):¢1005209.

Song F, Shi N, Shan F et al. (2020).
Emerging 2019 Novel
Coronavirus (2019-nCoV)
Pneumonia. Radiology, 297(3):
E346.

Soufli I, Toumi R, Rafa H et al. (2015).
Crude extract of hydatid laminated
layer from Echinococcus
granulosus cyst attenuates
mucosal intestinal damage and
inflammatory responses in
Dextran Sulfate Sodium induced
colitis in mice. Journal of
Inflammation (Lond), 17;12:19.

SuC,SulL, LiY efal (2017). Helminth-
induced alterations of the gut
microbiota exacerbate bacterial
colitis.  Mucosal  Immunology,
11(1):144-157.

Summers RW, Elliott DE, Urban JF Jr,
Thompson R (2005) Weinstock JV
Trichuris suis therapy in Crohn's
disease. Gut, 54(1): 87-90.

Teo TH, Lum FM, Ghaffar K et al. (2018).
Plasmodium co-infection protects
against ~ Chikungunya  virus-
induced  pathologies.  Nature
Communication, 25;9(1):3905.

Thomas JE, Bassett MT, Sigola LB, Taylor
P (1990). Relationship between
bladder cancer incidence,
Schistosoma haematobium
infection, and geographical region
in Zimbabwe. Transactions of the
Royal  Society of  Tropical



102 Adel, Marwa and Rizk, Enas

Medicine and Hygiene, 84(4):551—
553.

Valverde-Villegas JM, Matte MCC,
Medeiros RMD, Chies JAB
(2015). New insights about Treg
and Th17 cells in HIV infection
and disease progression. Journal
of Immunology Research, 2015:
647916.

van Beelen AJ, Teunissen MB, Kapsenberg
ML, de Jong EC (2007).
Interleukin-17 in inflammatory
skin disorders. Current Opinion in
Allergy and Clinical Immunology,
7(5): p. 374-81.

van den Biggelaar AH, Rodrigues LC, van
Ree R ef al. (2004). Long-term
treatment of intestinal helminths
increases mite skin-test reactivity
in  Gabonese  schoolchildren.
Journal of Infectious Diseases,
189:892-900.

van den Biggelaar AH, van Ree R,
Rodrigues LC et al.  (2000).
Decreased atopy in children
infected with Schistosoma
haematobium: a role for parasite-
induced interleukin-10. Lancet,
18;356(9243):1723-7.

van Die I, Cummings RD (2010). Glycan
gimmickry by parasitic helminths:
a strategy for modulating the host
immune response? Glycobiology,
20:2-12.

van Riet E, Hartgers FC, Yazdanbakhsh M
(2007). Chronic helminth
infections induce
immunomodulation: consequences
and mechanisms. Immunobiology,
212:475-90.

Vargas DL, Nascimbene C, Krishnan C et
al. (2005). Neuroglial activation
and neuroinflammation in the
brain of patients with autism. Ann
Neurol 57:67-81.

Vennervald BJ, Polman K (2009)
Helminths  and  malignancy.
Parasite  Immunology, 31(11):
686—696.

Versini M, Jeandel PY, Bashi T et al
(2015). Unraveling the hygiene
hypothesis of helminthes and
autoimmunity: origins,
pathophysiology, and clinical
applications. BMC  Medicine,
13:81.

Vézilier J, Nicot A, Gandon S, Rivero A
(2012).  Plasmodium infection
decreases fecundity and increases
survival of mosquitoes.
Proceedings of the Royal Society
B, 279:4033—4041.

Voehringer D (2013). Regulation of type 2
immunity by basophils Advances
in Experimental Medicine and
Biology, 785:37-41.

Wammes LJ, Mpairwe H, Elliott AM,
Yazdanbakhsh M (2014).
Helminth therapy or elimination:
epidemiological, immunological,
and clinical considerations. The
Lancet Infectious Diseases, 14:
1150-1162.

Weinreich F, Benesh DP, Milinski M
(2013). Suppression of predation
on the intermediate host by two
trophicallytransmitted  parasites
when  uninfective.Parasitology,
140:29-135.

Weinstock JV, Elliott DE (2013).
Translatability of helminth therapy
in inflammatory bowel diseases.
International Journal for
Parasitology, 43: 245e251.

Whitaker IS, Rao J, Izadi D, Butler PE
(2004). Historical article: Hirudo
medicinalis: ancient origins of, and
trends in the use of medicinal
leeches throughout history. British
Journal of Oral and Maxillofacial
Surgery, 42:133¢7.

White MPJ, McManus CM, Maizels RM
(2020). Regulatory T-cells in
helminth infection: induction,
function and therapeutic potential.
Immunology, 160:248—60.

Willcocks LC, Carr EJ, Niederer HA et al.
(2010). A defunctioning
polymorphism in FCGR2B is



Parasites From Morbidity to Remedy 103

associated with protection against
malaria but susceptibility to
systemic lupus erythematosus.
Proceedings of the National
Academy of Sciences of the United
States of America,107(17):7881-5.

Wiria AE, Hamid F, Wammes LJ ef al.
(2015). Infection with  Soil-
Transmitted Helminths Is
Associated with Increased Insulin
Sensitivity.  PLoS  One, 10,
10(6):e0127746.

Wolday D, Tasew G, Amogne W et al.
(2021). Interrogating the Impact of
Intestinal Parasite-Microbiome on
Pathogenesis of COVID-19 in
Sub-Saharan Africa. Front
Microbiology, 16;12:614522.

Xia S, Zhang X, Zheng S et al. (2016). An
update on  Inflamm-Aging:
mechanisms, prevention, and
treatment. Journal of Immunology
Research, 1-12.

Yazdanbakhsh M, Kremsner PG, van Ree R
(2002) Allergy, parasites, and the
hygiene  hypothesis.  Science,
296:490-494.

Yeshi K, Ruscher R, Loukas A,Wangchuk
P (2022). Immunomodulatory and
biological properties of helminth-
derived small molecules: Potential
applications in diagnostics and
therapeutics.Front. Parasitology,
1:984152.

Zaccone P, Burton O, Miller N, Jones FM,
Dunne DW, Cooke A (2009).
Schistosoma mansoni egg antigens
induce Treg that participate in
diabetes prevention in NOD mice.

European Journal of
Immunology;39(4):1098—-107.

Zaccone P, Cooke A (2013). Helminth
mediated modulation of Type 1
diabetes (T1D). International
Journal of Parasitology, 43(3—4):
311-8.

Zaidi SM. (2016). Unani treatment and
leech therapy saved the diabetic
foot of a patient from amputation.
International Wound Journal;
13(2):263-4.

Zhang B, Gems D (2021). Gross ways to
live long: Parasitic worms as an
anti-inflammaging therapy? Elife,
2;10:¢65180.

Zhang C, Wu Z, Li J-W, Zhao H, Wang G-
Q (2020). The cytokine release
syndrome (CRS) of severe
COVID-19 and Interleukin-6
receptor  (IL-6R)  antagonist
Tocilizumab may be the key to
reduce the mortality. International
Journal of Antimicrobial Agents,
Mar;105954.

Zhang ZF, Graham S, Yu SZ et al. (1995).
Trichomonas  vaginalis ~ and
cervical cancer. A prospective
study in China. Annals of
Epidemiology, 5(4):325-32.

Zheng X, Hu X, Zhou G et al. (2008).
Soluble egg antigen from
Schistosoma japonicum modulates
the progression of chronic
progressive experimental
autoimmune encephalomyelitis via
Th2-shift response. Journal of
Neuroimmunology, 194(1-2):107-
14.



104 Adel, Marwa and Rizk, Enas

ARABIC SUMMARY
gl ) ) paY) Ca cillyilal)

il 09 5a, (), 2aaa i)
paa cEJALU\ 63_)5\33\ daala calall 4l c:\,),\}al\ &_IL)LAH\ V,Ms

Aadiiall 5 4aalill (bl o)) 5 anabuad J00 80 g gall cHlbalall e (ilail) (e Sy sha L35 5l ) o HLG ol

oany O OV aiay 5l (ool e Lall Llaia) s o (S ddlisall cilldlall Gl G Lkl (5 gaally A

Aoalall s A delidl s eV (ol pal (e canddill Lealadind Koy ceilatias ol L ga s ol g ccililishall

) 55Y Jainall  sall a1 4dbisall il jall andi apai ) JUiall 138 Cargy s a0 (il yel ) diLiaYl de siiall
o) 3a¥1 (e Aliaiia JISET 3 e <l 5ol Lgilatiia i/ 5 clplahall (e dalis



	3fb1733f1cc182fc21daa8d045f8f0186a8815a82ba3415ae45f740b52f0add0.pdf
	3fb1733f1cc182fc21daa8d045f8f0186a8815a82ba3415ae45f740b52f0add0.pdf

