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Various symbiotic viruses exist in protozoan parasite. Most species classified

with the family Totiviridae or Partitiviridae, and are transmitted from cell to cell
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during cell division. Some symbiotic viruses have been reported to influence the
pathogenicity of symbiotic parasites to their hosts. There are also reports of the use
of symbiotic viruses in the epidemiological analysis of protozoan parasites. We have

demonstrated that Cryptosporidium parvum virus 1 (CSpV1), a symbiotic virus of
Cryptosporidium parvum, can be a high-resolution tool to trace C. parvum.

Introduction

The existence of symbiotic viruses in protozoan parasite
has been suggested by electron microscopic observation.
To date, protozoan viruses have been reported from various
protozoa. Common features of these are having double-
stranded RNA (dsRNA) and transmitting from cell to cell
during cell division. Cryptosporidium virus belongs to family
Partitiviridae, whereas other protozoal symbiotic viruses are
classified as family Totiviridae. Symbiotic viruses have also
been reported from plants and bacteria, and there are reports of
some effects on the host of the symbiotic virus. For example,
a bacteriophage symbiotic with Pseudomonas aeruginosa
inhibits the clearance of P. aeruginosa from infected wounds
(Sweere et al., 2019).

Recently, it has been reported that symbiotic viruses
of Leishmania and Trichomonas affect pathogenicity and
expression of surface antigens (Ives et al., 2011; Wang et al.,
1987). However, the effects of other protozoan symbiotic
viruses on its hosts are often unknown. Moreover, regarding
protozoan symbiosis viruses, there are few reports on detection
and epidemiological studies. Therefore, we conducted an
epidemiological analysis of symbiotic viruses of protozoa, and
also investigated the effects of symbiotic viruses on the host.

Detection of protozoal symbiotic viruses

Protozoan symbiotic viruses can be identified by electron
microscopy. Since all protozoan symbiotic viruses detected
at present are dsRNA viruses, dsRNA can be detected by
extracting all nucleic acids from parasites, treating them with
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DNase and RNase, and performing electrophoresis. This is
because dsRNA is resistant to DNase and RNase treatment.
Alternatively, the entire nucleic acid is adsorbed on a dsSRNA-
specific column and electrophoresed (Fig. 1). However,
because these methods require a large number of protozoa,
they are often analyzed using next-generation sequencers.
Symbiotic viruses with known sequences can be detected
by PCR using primers. It is also possible to detect symbiotic
viruses using dsRNA antibodies (Zangger et al., 2013).

Symbiotic viruses of Cryptosporidium
Cryptosporidium infects various animals and causes severe

diarrhea. Because of the absence of effective drugs, infection
in immunocompromised patients is fatal. Recently, dSRNA
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Fig. 1. Detection of dsRNA from protozoa. (A) Electrophoresis of
dsRNA extracted from Cryptosporidium parvum. a: total
nucleic acid, b: purified dsRNA. (B) Immunofluorescence
assay (IFA) of Leishmania major using dsRNA antibody.
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symbiotic virus belonging to the family Partitiviridae has also
been reported in these protozoa and has been classified as
Cryspovirus (Nibert et al., 2009, 2017). This virus contains
two unrelated, liner dSRNA segments of 1.7 kbp (dsRNA1) and
1.4 kbp (dsRNA2) that are encapsulated separately. dSRNA
1 is RNA dependent RNA polymerase (RdRp) and dsRNA2
encodes the capsid protein (CP). This symbiotic virus has also
been detected in C. hominis, C. felis and C. meleagridis (Leoni
et al., 2003. 2006). Cryptosporidium symbiotic viruses are
thought to exist as approximately 2,000 particles in an oocyst
(Kniel et al., 2004). Therefore, studies have been conducted to
detect C. parvum with high sensitivity using the Cryspovirus
antibody (Tai et al., 2019).

The 60-kDa glycoprotein (GP60) gene is the major
subtyping gene of Cryptosporidium. The most major subtype
of C. parvum is the Ila subtype, which is further classified by
the number of trinucleotide repeats encoding serine. However,
in Japan, the GP60 subtype of C. parvum detected in cattle is
mostly the [TaA15G2R1 subtype. Therefore, there is a problem
that the subtyping by the GP 60 gene cannot be used in the
investigation of the infection source. Therefore, we tested
whether Cryptosporidium parvum virus 1 (CSpV1) could be
used to trace C. parvum infection sites. Because RNA viruses
show higher mutation frequencies than their hosts because
they lack proofreading enzymes.

As a result, the sequence of CSpV1 detected from C.
parvum 11aA15G2R1 collected throughout Japan reflected
the infection site by phylogenetic analysis. Thus, it became
clear that CSpV1 could be used as a tool for infection-site
estimation and host tracking (Murakoshi et al., 2016).

Symbiotic viruses of Eimeria

Eimeria spp. infects various animals and causes diarrhea.
The Eimeria symbiotic viruses of which sequences are
reported are E. tenella RNA virus 1, E. brunetti RNA virus
1, E. necatrix RNA virus 1 and E. stiedai RNA virus 1
(Wu et al., 2016; unpublished; Lee and Fernando, 1998;
Reets et al., 1989), which have been detected in each chicken
Eimeria species. Totiviridae is a single-stranded dsRNA virus
coding RNA dependent RNA polymerase (RdRp) and the
capsid protein (CP). These are all single reports and the effect
on the prevalence and pathogenicity of Eimeria symbiotic
viruses are unknown.

We are currently conducting an epidemiological analysis of
the symbiotic virus in chicken Eimeria in Japan, and suggested
that the symbiotic virus exists at a high frequency (data not
shown).

Symbiotic viruses of Leishmania, Giardia,
and Trichomonas

Several other protozoan parasites including Leishmania,
Trichomonas, and Giardia are also known to have symbiotic
dsRNA viruses (family Totiviridae): Leishmania RNA viruses
(LRVs) 1 and 2; Trichomonas vaginalis viruses (TVVs) 1, 2, 3,
and 4; and Giardia lambia virus (GLV).

In Trichomonas, the presence of dsRNA has been
reported to be involved in the expression of surface antigens
of Trichomonas (Wang et al., 1987). In Leishmania, L.

guyanensis in which LRV1 is present was reported to have
significantly increased lesion size in mice (Ives ef al., 2011).

We are currently investigating whether a similar
phenomenon occurs in the presence of symbiotic viruses in L.
major, we have obtained data that LRV?2 is also involved in
pathogenicity (data not shown).
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