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Abstract

Parasitic protozoa are responsible for numerous diseases of humans and animals globally. Un-
derstanding the factors influencing their pathogenicity and evolution is crucial for effective dis-
ease management. Among these factors, viral endosymbiosis has recently gained attention for its
potential impact on host-parasite interactions, disease progression and treatment challenge.

This review summarizes the existing literature, researches and case studies to investigate the
phenomenon of viral endosymbiosis in parasitic protozoa. Relevant articles and research papers
were identified through comprehensive literature searches using electronic databases.

The presence of endosymbiotic viruses has significant implications for disease progression and
may offer potential targets for therapeutic interventions.

Keywords: Parasitic protozoa, endosymbiotic viruses, host-parasite interactions, therapeutic in-

terventions.
Introduction

Parasitic protozoa infect millions of indivi-
duals globally, as complex and multifaceted,
influenced by various genetic, environmen-
tal, and immunological factors (Tarannum et
al, 2023). Viral endosymbiosis is the prese-
nce of viruses within cells of another organi-
sm as a symbiotic relationship in Entamoeba
histolytica (Miller and Swartzwelder, 1960).
Endosymbiotic viruses of families Totiviri-
dae, Partitiviridae and others were identified
in many species (Lafleur and Olivier, 2022).
The presence of endosymbiotic viruses with-
in protozoa has garnered increasing attention
due to its potential impact on parasite biolo-
gy and disease pathogenesis (Lafleur and
Olivier, 2022).

Trichomonas vaginalis: T. vaginalis is a
protozoan causing trichomoniasis, an infec-
tion spread via sexual contact, with about
156 million new cases among people aged
15-49 years old and is considered one of the
most common curable STIs (WHO, 2023).
Its viral endosymbiont was described in
1985 and later is known as 7. vaginalis virus
(TVV), a 4.5-5.5 kilobase pair (kbp) dsSRNA
virus of genus Trichomonas viruses and the
family Totiviridae (Weber et al, 2003). It is
protected by a big viral protein capsid that is
85 kilodaltons in size. Inside parasite, it is
closely linked to the Golgi complex or in the
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cytoplasm adjacent to the plasma membrane.
(Graves et al, 2019). To copy the genetic
material, TvVs use a viral RNA-dependent
RNA polymerase (Wang and Wang, 1985).
Four subspecies of TVV were identified:
TVV1, TVV2, TVV3, & TVV4, belong gen-
us Trichomonas virus of Totiviridae family
coexist inside one TV isolate (Benchimol et
al, 2002). Strain diversity within each TVV
species were identified with many different
strains (14 to 35) within each main TVV sp-
ecies, TVVI & TVV2 are frequently de-
tected subspecies, but TVV3 is less detected
followed by TVV4 (Goodman et al, 2011).

TVV endosymbiosis in 7. vaginalis strains
varies globally with low prevalence (14-
20%) in Egypt Korea, Iran, and the Philip-
pines versus high prevalence (40 to 100%)
worldwide (Fichorova et al, 2017). The sm-
all extracellular vesicle (exosomal TVV) pl-
ays a role on TVV transmission among diff-
erent isolates (Ong et al, 2022). Existence of
TVV diminishes the growth rate of 7. vag-
inalis in vitro and induced lytic effect on the
parasite (Rivera et al, 2017).

Trichomons vaginalis pathogenicity invo-
lves cyto-adherence to vaginal epithelial ce-
lls establishing infection with TVV is impli-
cated in parasite accentuation of adherence
capacity (Fichorova et al, 2017). About 50
proteins of different expression level were in



TVV positive isolates among which heat sh-
ock proteins (down-regulated), ribosomal
proteins (up-regulated) and metabolic enzy-
mes (He et al, 2017). Also, TV releases cys-
teine proteinases to break down the base-
ment membrane and other components of
vaginal epithelial cells as hemoglobin, fibro-
nectin, and collagen IV (Arroyo and Alde-
rete, 1995). TVV increases the expression of
Ig-degrading cysteine proteinases in TV iso-
lates led to decrease of secretory immuno-
globulin A (SIgA) level, up-regulation of the
degrading enzymes facilitates TV cytoadh-
erence and mediates cytotoxicity necessary
for parasite's survival and host immune eva-
sion (Graves et al, 2019).

TV possess an immunogenic protein P270
that expressed only in cytoplasm for TVV
negative isolates but, for TVV positive ones
it is expressed in cytoplasm and on surface
render them more antigenic and eliciting ad-
ditional immune response causing increased
in inflammatory reactions (Khoshnan et al,
1994). Also, iron is involved in modifying
surface localization of P270 in virus-harbor-
ing parasites (Alderete, 1999). Also, vaginal
cells receptors might be stimulated with vi-
ral dsRNA and TVV particles, which then
activates NF-xB through endosomal TLR3/
TRIF-dependent pathways and causes the
production of Interferon Type 1 genes, with
interlukin 8 elevation and upregulation of
normal T cell secretion and expression (Fic-
horova et al, 2013) the pathological modifi-
cation and promotion occurs more promi-
nently in isolates infected with TVV2 and
TVV3 (Bessarab et al, 2011) Controversy
for association of TVV with trichomonaisis
clinical symptoms severity was found most-
ly associated with milder symptoms of vagi-
nal discharge, cervical erythema and dysu-
ria, but TVV2 is association with severe sy-
mptoms of vaginal, cervical, and vulvar ery-
thema, dysuria, dyspareunia, pruritus and
vaginal discharge (Fraga et al, 2012). Mas-
ha et al. (2019) in Sub-Sahara Africa report-
ed that 7. vaginalis infection augments the
HIV-1 acquisition with 50% of patients.
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Metronidazole resistance to TV was relat-
ed to mutation occurs in the internal tran-
scribed spacer region 1 at the 66™ nucleotide
by switch from cytosine to thymidine (Sn-
ipes et al, 2000). This mutation was not de-
tected in TVV negative isolates with incre-
ased susceptibility to metronidazole (Malla
et al, 2011) in TVV positive isolates, failure
of metronidazole to prevent preterm delivery
in pregnant women associated with undesir-
able sequel of aggravated inflammatory re-
sponse occur with parasite killing dissemin-
ate virions and dsRNA outside its cell (Par-
ent et al, 2013). The co-existence of dSRNA
infection may alter the vaginal mucosal mi-
crobiome and help colonization by patho-
genic bacteria leading genotypic variations
to vaginal dysbiosis (Fichorova ef al, 2013).

In Egypt, Sallam et al. (2021) gave an ov-
erview on trichomoniasis. Saleh et al. (2021)
reported that chronic 7. vaginalis was asso-
ciated with prostate cancer, but not aggrav-
ated the cancer status. Also, El Sibaei et al.
(2012) reported that 7. tenax was in humans
in atypical locations such as salivary glands
and upper and lower respiratory tracts with
bad oral hygiene.

Giardia-virus: Giardia lamblia is a comm-
on intestinal flagellated protozoan parasite
of mammals causing giardiasis, most com-
mon in developed and poor countries world-
wide, with more than 200 million cases in
Africa, Asia, and Latin America, 500,000
new cases annually (Siyadatpanah et al
2018). Eight genetic assemblages with gen-
otypic variations (A to H) for G. duodenalis
were identified, assemblages (A & B) are in
humans and animals, six assemblages (C to
H) are associated with rodents, canines, fel-
ines and seals, but a small subset of these
genotypic variants can infect humans (Mo-
sy et al, 2023)

Most cases are asymptomatic, but 25-50%
developed acute or chronic diarrhea predis-
posing to inflammatory bowel syndrome
(Lalle and Hanevik, 2018) and complication
of metabolic disorders (Allain and Buret,
2020). Characterization of GLV was firstly



described, in a G. duodenalis isolate from a
human patient; HP-1, Human Portland-1
(Wang and Wang, 1986).

It is the only identified species of genus
GLV, and a member of Totiviridae family, it
is a non-enveloped linear double-strand
RNA (dsRNA) virus, GLV genome is about
6.3 kb in size and has two overlapping Open
Reading Frames ORFs that encode different
proteins: RNAdependent RNA polymerase
(RdRp, 190KDa) and viral capsid protein
(100KDa) (Lagunas-Rangel et al, 2021).

Viral capsid is icosahedral built by 120 ca-
psid protein subunits. GLV particle has a
wide stability, it can be isolated intact and is
more thermostable than other Totiviridae vi-
rions, giving potentiality for horizontal ex-
tracellular transmission (Janssen et al, 2015)
This may explain that GLV, released and
purified from trophozoites culture media,
can infect naive G. duodenalis isolates of as-
semblage A & B (Miller et al, 1988) Also,
virions were released into the culture medi-
um with no harm to the host cells (Lagunas-
Rangel et al, 2021). Meanwhile, not all Gi-
ardia 1solates are sensitive to GLV endosy-
mbiosis (Sepp et al, 1994). Although only
30% of G. duodenalis isolates were positive
when tested for GLV (Marucci et al, 2021)
just three full-length viral genomes have
been placed in GenBank, two from G. duo-
denalis human isolates and one from a dog
isolate (Liu et al/, 2005) limited variability of
these three GLV sequences at both the nu-
cleotide and protein level was noticed (Cao
et al, 2009). Ahmad et al. (2020) in Egypt
reported that G. duodenalis assemblage A
was dominant in children complained of di-
arrhea and abdominal cramps, but asympto-
matic children with positive stool samples
display a higher frequency of assemblage B
and mixed infections.

The GLV enters trophozoites via receptor-
mediated endocytosis, but entry could be
stopped by specific blocking agents, virus
can exit the cell without lysis, after viral en-
docytosis, it assembled in peripheral vacu-
oles that need low pH to release its genetic
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(Tai et al, 1993). In early infection GLV
slowly multiplies in cytoplasm, with more
and more multiplication, accumulated in the
cytoplasm and even in the nucleus, particul-
arly in last phase of cell growth (Tai et al,
1991). The Giardia growth is not affected in
low viral count, but growth is stopped when
virus counted 500,000 viruses/trophozoite
(Gong et al, 2020). Nevertheless, the impact
of GLV on the virulence of Giardia needs to
be investigated. Both viral capsid protein,
and RNA dependent RNA polymerase pro-
tein, need post-translational proteolytic pro-
cessing by a Giardia-specific cysteine prote-
ase for removal of 32 amino acids from the
N-terminus (Yu et al, 1995), it was postulat-
ed that these 32 amino acids may facilitate
the virus entry, as these amino acids are
small and only two of them have a charge,
similar to membrane penetration peptides of
other viruses (Janssen et al, 2015). In G. la-
mblia infected, GLV adherence was reduced
with cell growth decreased rate without ap-
parent changes in morphology, while in G.
canis infected by GCV morphological cha-
nges occur including vacuolization, enlarge-
ment of endoplasmic reticulum, very loose
cytoplasm transformation, but virus is not
incriminated in the parasite virulence (Quei-
roz et al, 2024).

Although metronidazole, first-line of anti-
giardial treatment may have resistance (Car-
ter et al, 2018), the role of GLV is not prov-
en in this context (Barrow et al, 2020).

Leishmaniasis viruses: Leishmaniasis is a
zoonotic disease caused by the bite of infe-
cted sandfly, widely referred to as poor ma-
n's disease, affects millions of people global-
ly, with clinical manifestations depend upon
the Leishmania species and range from phy-
sical disfigurement to death if left untreated
(Sasidharan and Saudagar, 2021). The prim-
ary clinical forms of leishmaniasis are cuta-
neous (CL), mucocutaneous (MCL), and vi-
sceral disease (VL); cutaneous manifestat-
ions can be subdivided into localized, diff-
use (disseminated), recidivans, and post-Ka-
la-azar dermal leishmaniasis (Morsy, 1997).



It is found in parts of the tropics, subtropics,
and southern Europe also it is accounted as
one of the neglected tropical diseases (Hotez
et al, 2020).

Leshmania RNA virus (LRV) of family
Totiviridae was recognized in leishmanial
cytoplasm and may responsible for leish-
maniasis severity with a marked role in pro-
gression of CL to MCL, treatment resistance
and disease relapse (Brettmann et al, 2016).
The virus may also be associated with tre-
atment resistance in Leishmania patient in-
fected with HIV (Ezra et al, 2010). Leishm-
ania RNA virus 1 (LRV1) is recognized in
species of the viannia sub-genus, especially
in Leishmania v. guyanensis strains. LRV-1
detected in New World Viannia strains
(LRV-1), with 14 subtypes (LRV-1-1-LRV-
1-14) mainly present in Amazon basin (Ka-
riyawasam et al, 2020). The closely related
Leishmania RNA virus 2 (LRV2) was isolat-
ed from L. aethiopica, L. major and L. tropi-
ca (Nalgaci et al, 2019).

Leishmaniavirus double-stranded RNA ge-
nome is non-segmented, about 5.2 kb in le-
ngth, has two open reading frames (ORFs)
for capsid protein and RNA-dependent RNA
polymerase (Scheffter et al, 1994). Seque-
nce analyses recognized diversity in nucleot-
ide sequence (<40% homology) between
LRVI1 & LRV2 (Scheffter et al, 1995). The
LRV transmission between leishmanial cells
is suspected to occur vertically during cell
proliferation, however recently the horizon-
tal transmission was postulated and postulat-
ed to be through endosomal sorting complex
required for transport (ESCRT) or exosomal
pathway evidenced by presence of LRV
particles in parasite exosomes (Atayde et al,
2019). The overall LRV prevalence was as-
sessed to be 26.2% with tendency to be
higher in new world leishmania isolates
were 39% than 8.4% in old world isolates
(Saberi et al, 2019). LRV aggravate the pa-
thogenic mechanisms which occur during
infection. Toll-like receptor 3 (TLR) 3- has
ability to identify viral dsSRNA, that drive for
the induction of type 1 Interferon (IFN-I)
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that lead to host cell autophagy, and pro-
inflammatory cytokines (i.e. TNFa & IL-12)
and chemokines (Tatematsu et al, 2014).
Leishmania suppresses innate immune res-
ponse via natural infection course, inflam-
mosome formed by host immune response to
override leishmaniasis, inhibiting inflammo-
some activation to evade immune response,
LRVs works as a strong innate immunogen
that potentiate inflammasome inhibition via
toll like receptor 3 (de Carvalho ef al, 2019).
Also, Leishmania has a virulence factor, an
exosomal major surface metalloprotease
GP63, LRV upregulate GP63-dependent cle-
avage of inflammasome components (Shio
et al, 2015). In addition, it down-regulate
inflammasome gene transcription like caspa-
se-1 (Hartley et al, 2018) All these mecha-
nisms can modulate the host’s antiparasitic
response. leishmaniasis severity has an in-
verse correlation with inflammasome activa-
tion (de Carvalho et al, 2019)

LRVI1 can horn in the parasite’s exosomal
pathway to encapsulate itself inside an ex-
tracellular vesicle and use it as a viral enve-
lope that keep the virion away from host ex-
tracellular environmental damage (Olivier
and Zamboni, 2020) viruses liberated by the
protozoa via non-exosomal pathways are
unable for transmission to other parasites
because they lack this envelope (Atayde et
al, 2019). By phosphorylating the pro-surv-
ival kinase AKT1, LRV enhances the sur-
vival of Leishmania-infected mammalian
cells (Eren et al, 2016). Also, it facilitates
the parasite spread through stimulation of
IL-17 production (Hartley et al, 2016).

The LRV presence considerably enhances
illness relapses in patients with L. brazilie-
nsis, L. guyanensis, or L. naiffi, who receiv-
ed antimony or pentamidine treatment (Bou-
rreau et al, 2016). LRV has been linked to
MCL that disseminate to other sites with a
significant inflammatory component in para-
sitic cytoplasm (Hartley et al, 2016), and
involved in drug failure, as the viral dsSRNA
played a role in not curing L. braziliensis ha-
rboring LRV in HIV patients (Parmentier et



al, 2016). After immunizing C57BL/6 mice
with LRV1 capsid proteins, there was a re-
duction in leishmaniasis lesions and parasitic
burden that a viral endosymbiont may re-
duce hyper-pathogenicity leading to protec-
tive immunity (Castiglioni ef al, 2017). Con-
sequently, it is a must to investigate the in-
novative vaccination that may be broadened
to different Totiviridae of pathogenic proto-
zoa (Lafleur and Olivier, 2022). A non-LRV
is recognized in zoonotic L. martiniquensis
transmitted by biting midges causing differ-
ent clinical pictures from asymptomatic to
risk visceral disease (Jariyapan et al, 2018).
Moreover, Prochazkova et al. (2022) Czech
Republic found that Leishmania RNA vir-
us 1 (LRVI) enables Leishmania to cause
more severe disease than virus-free strains.
They added that Leishmania RNA virus 1
(LRV1) caused aggravated symptoms in
mucocutaneous leishmaniasis.

In Egypt, Leishmania species encountered
were L. major, and L. infantum, with rodents
and canine reservoirs respectively and Phle-
botomus vectors abundance (Morsy and Da-
hesh, 2023). Shehata et al. (2009) reported
that L. tropica circulate in North Sinai.

Acanthamoeba spp. is free living widespr-
ead microorganisms, in two distinct stages:
dormant cyst stage, which is guarded from
external environment by a double-cellulose
cell wall, and the active trophozoite form,
which has specific pseudopodia and no dis-
tinct shape (Marciano-Cabral et al, 2003).
Gram-positive cocci were identified within
Acanthamoeba polyphaga cells, after geno-
me sequencing and analyses, it is categori-
zed with other giant viruses in a new fami-
ly Mimiviridae (La Scola ef al, 2003).

Acanthamoeba act as intracellular viral re-
servoirs cause protective mechanism against
phagocytic killing (Greub er al, 2004). A.
castellanii mamavirus (ACMV) have a close
relationship with Sputnik virus, and its mul-
tiplication disrupts mimivirus normal mor-
phogenesis and development causing some
atypical viral strains to develop and minim-
ize the cytopathic power of large viruses in
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amoeba, which led to virophage or virus
able to infect other viruses (La Scola et al,
2008). A. polyphaga mimivirus (APMV) is
able to survive when it is inside an amoebal
cell exposed to heat, UV radiation, or vario-
us chemical biocides. This suggests that the-
se hosts can function as APMV's natural
bunkers, enhancing its immunity to antiviral
agents (Boratto ef al, 2013). APMV can ev-
ade the immune system of humans by block-
ing its [FN-stimulated genes. Also, APMV
is resistant to IFN alpha's antiviral effects
but not IFN beta's. This interaction is proba-
bly the consequence of mutual evolution be-
tween APMV and Acanthamoeba polyphaga
may prove the evidence of a familial link
among these organisms (Silva et al, 2014).

Acanthamoeba harbors a viruses called nu-
cleocytoplasmic with large DNA (NCLDV),
and can transmit Monkeypox (Siddiqui et al,
2012), Coxsackie B3 (Mattana et al, 2006),
Echoviruses (Danes et al, 1981), Covid-19
(Muhammad et al, 2021), Adenovirus (Sch-
eid et al, 2012), poliovirus, enterovirus, and
vesicular stomatitis (Siddiqui et al, 2023).

In Egypt, six species were isolated from
swimming pool water; A. polyphaga, A. cast
ellanii, A. rhysodes, A. mauritaniensis, A.
royreba and A. triangularis (Al-Herrawy et
al, 2014). Also, Nasef et al. (2021) reported
A. keratitis in contact lens abusing the major
risk factor. The latest virus to be discovered
in Acanthamoeba was yaraviruse that was
isolated from A. castellanii in 2020. Yara-
virus genome analysis revealed that none of
its genes resembled sequences of known or-
ganisms at 8,535 nucleotide level database
of publicly accessible metagenomes globally
(Boratto et al, 2020).

Cryptosporidium virus: Cryptosporidium
parvum, C. hominis, C felis and C. meleag-
ridis infect both animal and humans, causing
severe diarrhea that may progress to fatal
disease especially in immunocompromised
(Ryan et al, 2021). Cryptosporidiosis leads
to numerous cellular impairments, involving
rupture of tight cellular junctions, modifica-
tion of apoptosis, and alteration of the intes-



tinal cytoskeleton (Certad et al, 2015).

The first report of bi-segmented dsRNA
virus endosymbiont Cryptosporidium oocy-
sts was made in 1995, primarily isolated
from C. parvum, then from other Cryptosp-
oridum spp. (Gallimore et al, 1995). Close
association between partitiviruses family
and C. parvum virus was reported (Khram-
tsov et al, 1997).

Cryptosporidium parvum Virusl (CSpV1)
is present in the cytoplasm of sporozoite, its
genome carries two uncapped and un poly-
adenylated parts of dsSRNA, dsRNAT; large
segment and dsRNA2; small segment (Kh-
ramtsov et al, 2000). CSpV-1 virions has an
isometric virion composed of 120 subunits
of the 37 kDa capside protien, the smallest
capsid protein between Partitiviridae with
each viral genome segment encapsidated si-
ngly (Nibert et al, 2009). In C. parvum, a
virus lacking the coat protein gene may have
the highest chance of surviving if it has
more dsRNA than ssSRNA (Khramtsov et al,
1997). dsSRNA2 has a species-specific symb-
iont relationship, which improves defenses
of the virus, maintains symbiotic relation-
ship, and suppresses mutations in parasite
genome (Berber et al, 2020). Since CsPV1 is
found in the environmentally resistant oo-
cyst stage, it is believed to be transmitted
intracellularly. However, CspV1 is also re-
leased into the surroundings at the beginning
of infecting human host cell (Barrow et al,
2020). Many Cryspovirus species are postu-
lated relied on variability in dSRNA2 seque-
nce of CSpV1 and viruses from C. hominis,
C. felis and C. meleagridis (Vong et al,
2017), with 8.8% frequency in cryptospor-
idiosis cases (Berber et al, 2020), Conflict in
determination of CSpV1 effect on parasite
pathogenicity and parasite-host relationship
was found; but more prominent in vitro mul-
tiplication rate correlated with higher levels
of symbiont and parasitic fecundity, with-
out known mechanism (Jenkins et al, 2008).
In the reaction against intracellular evasion,
toll-like receptor (TLR) cells identify dsR-
NA sequences and use this information to
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activate interferon stimulation genes by nu-
clear factor (NF)-xB activation, which in
turn increase release of interferons (IFNs)
and defend hostile cells from intracellular
pathogens (Alexopoulou et al, 2001). C. pa-
rvum viral dsSRNA stimulate some particular
proteins that modify activation of immuno-
logical responses, mainly IFN signaling and
expression, led to immune avoidance and es-
cape from response (Choudhry et al, 2009).

In Egypt, cryptosporidiosis was reported in
man with progressive of the liver cirrhosis
(Abo-Mandil et al, 2020), in animals (Yo-
ussef et al, 2008) and in polluted water (El
Shazly et al, 2007).

Plasmodium vivax virus: Malaria is an An-
oplehes-borne infectious disease that affects
vertebrates, human causes symptoms typica-
lly include fever, fatigue, vomiting, and hea-
daches, but in severe cases, it can cause
jaundice, seizures, coma, or death (Caraballo
and King, 2014). Malaria is encountered
mainly in tropical and subtropical areas,
species infecting man are P. falciparum, P.
vivax, P. ovale, P. malariae, & P. knowlesi,
with deaths reported with P. falciparum P.
vivax and P. knowlesi infections (Saleh et al,
2019). The WHO African Region shoulders
the heaviest burden of the disease account-
ing, in 2022, for 94% & 95% of malaria case
and deaths (WHO, 2024). A newly discov-
ered virus in P. vivax was named Matryosh-
ka RNA virusl (MaRNAV-1) is bi-segme-
nted narna-like sSRNA (+) virus , great simi-
larity with monopartite, positive sense (ss)
RNA narnaviruses, narnaviruses, can inhabit
plants, fungi and other protists, including the
first virus likely infecting Plasmodium para-
sites (Charon ef a/, 2019). By the molecular
mechanisms underlying viral endosymbiosis
and exploring therapeutic potential pave the
way for development of targeted interven-
tions that disrupt viral-parasite interactions,
mitigate disease burden, and ultimately im-
prove health outcomes for affected individu-
als (Queiroz et al, 2024). Al-Agroudi et al.
(2018) in Egypt reported that the severity
and mortality increased in malignant malaria



co-infected with HIV. Saleh et al. (2019) re-
ported that in southern Sudan, malaria (in
the aggressive vector A. arabiensis) and HIV
are risky infectious diseases. Malaria/HIV-1
co-infection is a significant public health pr-
oblem in the tropics with geographical over-
lap of both diseases (Roberds et al, 2021).

The targeting virus as a therapeutic agent:

1- Bacterial virus (bacteriophage): Many
advantages prioritize bacteriophages therapy
and considered a successful therapeutic tool
for many bacterial diseases, its high efficacy
and specificity without side effects mainly
on the normal bacterial flora (Barrow et al,
2020). Bacteriophages, highly prevalent in
all environments, have found their use in
medicine as an alternative or complement to
antibiotics (Kwiatek et al, 2020).

As GLV is the only virus known to infect
Giardia and is not lytic, modifying it genet-
ically is essential to make it able to activate
lethal genes, or to suppress an essential par-
asite gene (Lagunas-Rangel er al, 2021).
Although bacterial resistance to phage thera-
peutic model may arise, yet prohibited by
two main routes: 1. Use of two phages, the
first aimed to attack the bacteria itself and
other target the phage-resistant mutants that
develop in response to the first phage, and 2.
Developing phages that target surface viru-
lence antigen as most phage resistant mu-
tants are attenuated and so might not be in-
fectious (Oechslin, 2018).

2- Oncolytic virus: Many viruses were ap-
plied in cancer treatment since they have le-
ss harmful effects, and their genomes can be
modified easily (Javid et al, 2023). Exam-
ples include herpes viruses, pox viruses, the
Edmonton strain of Measles virus and aden-
oviruses (Malfitano et al, 2020). The ability
of viruses to target cancer cells arises from
utilization of abnormal signaling pathways
and the relatively weak antiviral reaction ge-
nerated by the cancer cells (Esfahani et al,
2020). When viruses and cancer cells come
into contact, viruses spark off an immuno-
logical response that produces reactive oxy-
gen species and damage-associated molecul-
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ar patterns (Lemos de Matos et al, 2020).
Synergistic effect of Oncolytic viruses is
established when added to other therapies,
such as immune therapy or general or targe-
ted chemotherapy for multiple types of can-
cer types (Malfitano et al, 2020).

A non-pathogenic ECHO virus is enrolled
for use across different Eastern European
Countries, an attenuated adenovirus has be-
en authorized for use in China and a modif-
ied herpes virus (HSV-1) was licensed by
the USA/FDA &EMA in 2015 and is curren-
tly used for the specific types of melanomas
(Malfitano et al, 2020).

3- Use of virus like particles (VLPs) for
chemotherapy: Utilizing infectious viruses
as virus-like particles (VLPs) to transfer tox-
ic anti-parasitic agents to the protozoan cells
is an alternative strategy to combat parasites.
VLPs are formed of the combined viral coat
protein subunits that give rise to empty viral
shells filled with the needed substance tar-
geting genes essential for parasite survival
(Steele et al, 2017).

Conclusion
Viral endosymbiosis represents a complex
and neglected aspect of parasitic protozoa
biology. Extensive studies are needed to elu-
cidate the roles played by viruses in the
pathogenicity of parasitic protozoa to devel-
op feasible strategies for treatment.
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Table 1: Main characteristics of viruses' endosymbiont human parasitic protozoa

Protozoa Species Virus Family/genus Shape Pathogenic
Trichomonas vaginalis TVV( 1-5) | Totiviridae/Trichomonasvirus Icosahedral Yes
Giardia duodenalis GLV Totiviridae/Giardiavirus Icosahedral No
canis GCV
Leishmania guyanensis LRV1 Totiviridae/Leishmaniavirus Icosahedral Yes
brasiliensis
shawi
Leishmania major LRV2 Totiviridae/Leishmaniavirus Icosahedral Yes
aethiopica
infantum
tropica
martiniquensis | LmarLBV1 | Unassigned/Leishbunyaviruses Enveloped, spherical Yes
seymouri LepsyNLV1 | Narnaviridae/ Lepsynonleishmaniavirus Unknown
Acanthamoeba | polyphaga APMV Mimiviridae/unassigned Icosahedral Unknown
castellanii ACMV Mimiviridae/ 4. castellanii mamavirus | Icosahedral Unknown
Plasmodium vivax MaRNAV1 | unassigned/narnalikevirus No true virion Unknown
Cryptosporidium | parvum CSpV1 Partitiviridae/Cryspovirus Icosahedral Yes
hominis
felis
meleagridis
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