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A novel morbillivirus and a novel betaherpesvirus are reported in the Wood

Mouse (Apodemus sylvaticus) in the western United Kingdom (UK). The two

viruses were found coinfecting an underweight host with abnormalities of the

liver andwere detected via deep sequencing of lung RNA and de novo assembly

of substantial genome fragments. The phylogenetic affinities of the novel

viruses are characterised based on their relationships to existing database

sequences.
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Introduction

The virome of wild rodents in the UK, and globally, is of intrinsic ecological

importance and also of great significance as a reservoir from which zoonotic and

trans-species infectious diseases may emerge (Wu et al., 2018). The viral burden of

UK wildlife is only partially documented but a more complete picture would be of value in

assessing public and animal health risks (Carlson et al., 2021) and in understanding the

regulation and health of wild populations (Lochmiller, 1996). In this report two novel

viruses are documented from a wild rodent, the Wood Mouse (Apodemus sylvaticus), in

the UK. These viruses were discovered via de novo assembly of substantial genomic

fragments, working from Illumina short-read sequences of host lung RNA. The context of

the discovery indicates the likelihood of substantial undiscovered diversity.

Method

A single mature male A. sylvaticus was captured in a forestry plantation near the

confluence of the Afon Tarennig and the Afon Gwy/River Wye (52.426773, −3.707703) in

July 2011 by humane live-trapping and killed via a UK Home Office approved method. In

the UK, Apodemus mice are represented only by A. sylvaticus and A. flavicollis (see

Mathews et al., 2018). The latter is not known to occur in the study area, although it can

occur in adjacent areas of Mid Wales (Mathews et al., 2018). To avoid any possibility of

misidentification, the present specimen was initially positively identified on the basis of

morphological criteria, primarily ventral colouration and foot length (Flowerdew, 1984).

This identification was consistent with de novo assembled host transcripts derived from
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the RNAseq data that are described further below. For example,

840 base pair fragments of coding sequences for A. flavicollis toll-

like receptor 5 (tlr5) haplotypes in National Center for

Biotechnology Information (NCBI) GenBank (Sayers et al.,

2022) (GenBank accession numbers: OM365774-6) share

98.2%–98.3% identity with a corresponding transcript

fragment for the present specimen. In comparison, this same

fragment from the present specimen shares 99.5% identity with a

homologous fragment predicted from the A. sylvaticus NCBI

(Sayers et al., 2022) RefSeq genome (XM_052201127). The

captured specimen was underweight, with a negative residual

of c.2.5 g from a weight on length regression of mature males (n =

12) measured at nearby sites in summer 2011. Furthermore,

upon internal examination, there were multiple adhesions of the

liver to the abdominal cavity wall and abnormal, fibrotic growth

of liver tissue investing the anteroventral surface of the right

kidney. No other abnormalities were observed. Fresh, apparently

healthy, lung tissue was removed and stored in RNA stabilization

solution. Following total RNA extraction from this material and

poly (A)-focussed sequencing library construction (originally

intended as a control for a separate study, and not aimed

primarily at virus discovery in the present specimen), the

library was sequenced on an Illumina Novaseq machine (at

Azenta Life Sciences, UK) yielding c. 171 million 150 base

pair paired end reads. The reads were mapped to a Mus

musculus genome (mm9) using BBMap (Bushnell et al., 2017)

and unmapped reads were de novo assembled employing

rnaviralSPAdes (Meleshko and Korobeynikov, 2023).

Assembled contigs were then searched against the NCBI

(Sayers et al., 2022) RefSeq viral genomes database via

discontiguous megablast (Camacho et al., 2009) at a 40%

identity cut-off, with only the strongest hit per contig

considered. Substantial alignments (>200 base pairs) to viral

sequences were further investigated via individual blastn

(Camacho et al., 2009) searches against the NCBI (Sayers

et al., 2022) nt database and only unambiguous matches to

viral sequences (excluding phages and retroviruses) were

considered further.

Results and discussion

We found clear evidence for the presence of two novel viruses

in the lungs of the Wood Mouse from our study site. In one case,

two large genome fragments were assembled of 1684 (GenBank

accession number: PP188092) and 1592 base pairs (PP188093).

These unambiguously clustered with rodent-infecting members

of theMorbillivirus genus in phylogenetic analyses (see Figure 1).

Classical morbilliviruses occur in larger mammals and are well-

known agents of serious diseases, such as measles, canine

distemper, phocine distemper, rinderpest, peste des petits

ruminants and cetacean morbillivirus (Seki and Takeda, 2022;

FIGURE 1
Neighbour joining tree (Saitou and Nei, 1987) of representative morbillivirus nucleocapsid proteins, based on 388 amino acid positions aligned
using ClustalW (Thompson et al., 1994). Percentage bootstrap values supporting clusters are shown next to corresponding branches. GenBank
accession numbers and a taxon name are shown for each sequence. The scale bar shows amino acid substitutions per site. Phylogenetic analysis was
conducted in MEGA Version 10.0.05 (Kumar et al., 2018).
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Libbey and Fujinami, 2023). The present discovery adds to the

divergent members of the Morbillivirus genus that have recently

been described in rodents (Debat, 2022; Vanmechelen et al.,

2022; Chen et al., 2023) and bats (Wells et al., 2022; Ikegame

et al., 2023). The novel morbillivirus (Tarennig A. sylvaticus

morbillivirus) is closest to, and might be considered a well

differentiated strain of, Gierle Apodemus virus (Vanmechelen

et al., 2022). The 1684 base pair assembled fragment

encompassed a full 1572 base pair open reading frame coding

for a 524 amino acid nucleocapsid-like protein with 95% residue

similarity to the 526 amino acid nucelocapsid protein

(UQM99541.1) in Gierle Apodemus Virus. The 1592 base pair

fragment encompassed a full 1488 base pair open reading frame

coding for a 496 amino acid phosphoprotein-like protein with

89% residue similarity to the 496 amino acid phosphoprotein in

Gierle Apodemus Virus (UQM99543.1).

In another case, two large genome fragments of 834 base

pairs (PP188094) and 546 base pairs (PP188095) were assembled

that clustered with murine betaherpesviruses (Muromegalovirus

(Walker et al., 2022) or Cytomegalovirus) in phylogenetic

analyses (see Figure 2). The novel virus (Tarennig A.

sylvaticus betaherpesvirus) was close to, but well differentiated

from, Murid betaherpesvirus 1. The larger genome fragment

contained an 816 bp part of an open reading frame,

corresponding to a 272 amino acid sequence, with greatest

similarity to the m142 protein of Murid betaherpesvirus 1

(AWV68063.1; 67% amino acid identity across a 237 aa

aligned region). The smaller genome fragment contained a

543 base pair part of an open reading frame, corresponding to

a 181 amino acid sequence, with greatest similarity to the

m85 protein of Murid betaherpesvirus 1 and its equivalent

(capsid triplex subunit 2) in Mastomys natalensis

cytomegalovirus 3 (WEG69771.1; with 85% identity over a

158 amino acid aligned region in this case). As far as can be

determined this is the first record of a betaherpesvirus in the

Wood Mouse in the U.K. or elsewhere, although there is a

disputed claim (Kim et al., 1974) that a murine

cytomegalovirus derived from Wood Mice was adapted to

replicate in human cells in vitro in the 1960s (Raynaud et al.,

1969). Numerous other betaherpesviruses (Ehlers et al., 2007;

Tarlinton et al., 2011; Ntumvi et al., 2018) have been reported in

rodents on the basis of small sequence fragments of genes not

recovered here, including inA.flavicollis (Yellow-neckedMice) in

Germany (Ehlers et al., 2007). It was secondarily possible to

recover two reads corresponding to the betaherpesvirus DNA

polymerase gene, which has been targeted in some viral discovery

studies, and these were most similar to A. flavicollis

cytomegalovirus 2 (EF125063.1; 86%–87% nucleotide identity)

and then to Murid betaherpes virus 1 isolates (78%–81%

nucleotide identity).

FIGURE 2
Neighbour joining tree (Saitou and Nei, 1987) of representative betaherpesvirus m142 and related proteins, based on 194 amino acid positions
aligned using ClustalW (Thompson et al., 1994). Percentage bootstrap values supporting clusters are shown next to corresponding branches.
GenBank accession numbers and a protein identifier/taxon name are shown for each sequence. The scale bar shows amino acid substitutions per
site. Phylogenetic analysis was conducted in MEGA Version 10.0.05 (Kumar et al., 2018).
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It is recognized that the present study is based on a limited

sample (a single tissue from a single host) and that further

studies are required to reveal the epidemiological characteristics

and biology of the discovered viruses. Nonetheless, the current

records usefully extend our knowledge of the virome in UK

wild mammals. It is also noted that neither virus was

straightforwardly detected via the analysis of short reads

with taxonomic classifier softwares under a range of

conditions and that such classifiers were prone to false

positives due to host-derived rRNA hits. The ready

detection of new viruses via the methods employed, even

from a single arbitrarily sampled host specimen, and the

high level of nucleotide divergence of the viruses from their

closest relatives in databases, are suggestive of considerable

undiscovered viral diversity.
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