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Human-associated Redondoviruses Infect the Oral Protozoan Entamoeba gingivalis
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Abstract

Objective

Redondoviruses are circular Rep-encoding single-stranded DNA (CRESS) viruses of high prevalence in
healthy humans. Redondovirus abundance is increased in oro-respiratory samples from individuals with
periodontitis, acute illness, and severe COVID-19. We investigated potential host cells supporting
redondovirus replication in oro-respiratory samples and uncovered the oral amoeba Entamoeba
gingivalis as a likely host. Redondoviruses are closely related to viruses of Entamoeba and contain
reduced GC nucleotide content, consistent with Entamoeba hosts. Redondovirus and E. gingivalis co-
occur in metagenomic data from oral disease and healthy human cohorts. When grown in xenic cultures
with feeder bacteria, E. gingivalis was robustly positive for redondovirus RNA and DNA. A DNA proximity-
ligation assay (Hi-C) on xenic culture cells showed enriched cross-linking of redondovirus
and Entamoeba DNA, supporting E. gingivalis as the redondovirus host. While bacteria are established

hosts for bacteriophages within the human virome, this work shows that eukaryotic commensals also
contribute an abundant human-associated virus.

Investigate redondovirus tropism and identify the host cell supporting redondovirus replication.

Findings

Background

Redondoviruses are detected in the human oro-respiratory tract,
dispersed globally, and associated with disease
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Figure 1. lllustration of the discovery of redondoviruses.

Initial detections: Metagenome of human oro-respiratory samples [1,2]

Taxonomy: Within Cressdnaviricota phylum; contains a single genus, Torbevirus, and two species,
Brisavirus and Vientovirus [2]

Genome organization: Circular ssDNA, ~3.0-3.1 kb, encodes a capsid protein (Cap), a replication-
associated protein (Rep), and a functionally unknown protein (ORF3) [2]

Disease associations: Associated with respiratory and oropharyngeal disease (periodontitis, mucositis,
COVID-19) [2,3,4,5,0]

Prevalence: Detected in the US, UK, Spain, Italy, Cameroon, Ethiopia, Vietnam, Botswana, Tanzania,
and China, with prevalence ranging from 2-82% [2,3,4,5,6,7,8]

Viruses obtained from meta-omic data lack host information

Meta-omic sequencing has enabled the detection of novel viruses without isolation in cell culture.
However, the hosts of these viruses are often unknown given the many possible virus-host pairings in a
single sample; up until this work, redondoviruses were one such virus.
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Figure 2. lllustration of the host issue posed by meta-omic-based virus discovery.
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Redondoviruses are phylogenetically related to
viruses of Entamoeba histolytica

In 2021, Kinsella et al. proposed two CRESS virus families (Naryaviridae and Nenyaviridae) that infect
Entamoeba parasites (E. histolytica). To date, Naryaviridae is the closest relative to Redondoviridae [9].
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Figure 3. Phylogenetic maximume-likelihood tree of Rep amino acid sequences from 441 members of the
Cressdnaviricota phylum.

Redondovirus GC content matches that of Entamoeba
species and is dissimilar to that of humans

The GC content (% GC) of DNA viruses, including CRESS viruses, often mimics that of their hosts [9,10].
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Figure 4. Comparative analysis of GC content (% GC) of representative CRESS viruses and their
proposed hosts. Virus GC content positively correlates with host GC content (R2 = 0.63, Pearson’s
correlation test p-value = 5.442e-10, n = 41).
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Redondoviruses are present in an E. gingivalis culture lacking human cells
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Figure 5. Detection of redondovirus DNA and RNA in a xenic E. gingivalis culture (with feeder bacteria).
A. Image of the E. gingivalis culture (ATCC-30956) at 100X magnification stained using Kwik-Diff. B.
Detection of redondovirus and E. gingivalis DNA and RNA in the E. gingivalis culture by gPCR and RT-
gPCR. C. Agarose gel electrophoresis showing complete redondovirus genomic DNA. D. Genome map
of the Vientovirus sequenced from the xenic E. gingivalis culture (RV-30956). E. RV-30956 sequence
situated in a Redondoviridae phylogeny. F. Metagenomic sequence analysis of the E. gingivalis xenic
culture.

Redondoviruses and E. gingivalis DNA intracellularly co-localize
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Figure 6. In situ crosslinking of redondovirus and E. gingivalis DNA in a xenic culture by Hi-C chromatin
capture and high-throughput sequencing. A. Schematic diagram of Hi-C method. B. Numbers of reads in
cross-linked Hi-C pairs from the xenic culture with at least one mate annotating as redondovirus. C.
Enrichment of Entamoeba reads among Hi-C reads linked to redondovirus sequences relative to
metagenomic background.

Conclusions and Next Steps

This study provides evidence that human-associated redondoviruses replicate in E. gingivalis cells.
Given that most studies of the human virome report on viruses replicating in members of the bacterial
microbiome and not viruses of eukaryotic commensals, this work addresses a little studied part of the
human virome.

Now that the host of redondovirus replication is known, it may be possible to propagate redondoviruses
in culture and characterize aspects of redondovirus biology that cannot be interrogated in vitro, such as

use of host enzymes in viral replication and pathogenicity.




