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1. Introduction

The Norovirus genus of the Caliciviridae family contains
both human and animal pathogens and is further subdivided
into five genogroups (GI–V), from which GV represents the
murine NoVs (MNV). The �7.5 kb positive sense, single
stranded norovirus RNA genome is organized into three
major open reading frames (ORF): ORF1 encodes a large
polyprotein that is cleaved to individual non-structural
proteins; ORF2 encodes the viral capsid protein (VP1); and
ORF3 encodes a minor structural protein (VP2). In the MNV
genome, an additional ORF4 has also been identified
(Thackray et al., 2007). Since the discovery of the first
MNV in 2003 (Karst et al., 2003) it became evident that MNV
infection is the most prevalent viral infection in laboratory
mice (Hsu et al., 2005; Kim et al., 2011; Perdue et al., 2007).
MNV infection in immunocompetent mice is subclinical but

in impaired mice such as STAT1�/�, MNV establishes
systemic infection that leads to high mortality (Karst et al.,
2003). Due to its ability to grow in tissue culture, MNV
became the most widely used surrogate model for human
norovirus research (Wobus et al., 2006). All MNV strains
isolated from laboratory mice worldwide belong to a single
genotype with �13% nt and �7% aa diversity in the ORF2
(VP1) region indicating a very limited genetic diversity
compared to the genetic diversity observed among human
noroviruses (Thackray et al., 2007). Recent studies, by either
serology or molecular detection suggest that MNVs are also
circulating in wild rodents (Parker et al., 2009; Smith et al.,
2012). However, the extent of their genetic diversity and
biological similarities to MNVs is not well established. In this
study, wild and laboratory mice were screened for MNVs,
and two novel MNVs from striped field mice (Apodemus

agrarius) were identified and characterized.

2. Materials and methods

2.1. Sample collection

Thirty striped field mice (A. agrarius), 70 yellow-necked
mice (Apodemus flavicollis), and 3 bank voles (Myodes

glareolus) were live trapped between July and October
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Fecal specimens collected from 121 laboratory mice, 30 striped field mice (Apodemus

agrarius), 70 yellow-necked mice (Apodemus flavicollis), and 3 bank voles (Myodes glareolus)

were tested in sample pools for the presence of murine noroviruses (MNV). Ten of 41

laboratory mice and 2 of 3 striped field mice pooled samples were positive for MNV. All

laboratory mouse MNVs were closely related to previously described MNVs. The complete

ORF2 (VP1) of both striped field mouse MNVs identified in this study was 1623 nt (541 aa)

long and differed at 12% nt (8% aa) positions from each other, at 22–24% nt (15–18% aa)

positions from the laboratory mouse MNVs and at 20–22% nt (13–14% aa) positions from the

recently described wood mouse (Apodemus sylvaticus) MNVs. This study provides further

evidence for the circulation of novel, genetically diverse MNVs in wild mice.
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2010 in South-West Hungary. Two pellets collected from
each of 10 individual animals of the same Apodemus

species were mixed together and made into 20% suspen-
sions in RPMI-1640, yielding 3 striped field mice and 7
yellow-necked mice sample pools. The bank vole samples
were processed individually. In addition 121 stool samples
were collected from sentinel and research mice between
May and July 2011 at the CCHMC animal facility, housing
over 40,000 mice. Two to five pellets were collected from
each animal, made into 20% (w/v) suspensions and stored
at �80 8C. For MNV testing 3 individual samples were
pooled together yielding 40 pooled and one individual
laboratory mouse samples.

2.2. RNA extraction and cDNA synthesis

Viral RNA was extracted with the QIAamp viral RNA
mini kit (Qiagen, Hilden, Germany) according to the
manufacturer’s instructions. Wild mice RNA samples were
converted to cDNA using an oligo-dT primer (Reverse

transcription system; Promega, Madison, WI), ethanol
precipitated, vacuum dried and shipped to Cincinnati
where they were reconstituted in 20 ml molecular biology
grade water (Thermo Fisher Scientific Inc., Waltham, MA).
RNA and cDNA samples were stored at �80 8C.

2.3. Molecular detection of murine noroviruses

Detection of caliciviruses in the wild mice samples were
attempted with generic calicivirus primers (P289/P290)
targeting nucleotide sequences encoding conserved amino
acid motifs in the RNA dependent RNA polymerase (RdRp)
region of ORF1 (Jiang et al., 1999) and with a MNV specific
primer pair targeting a 396 bp region at the 50 end of MNV
ORF2 (VP1) (Kim et al., 2011). Two microliters of cDNA was
used in 25 ml PCR reactions using the GoTaq Green Master
Mix (Promega, Madison, WI) according to the manufac-
turer’s protocol. Laboratory mouse RNA samples were
tested only with the MNV specific primers in one step RT-
PCR reactions (AccessQuick RT-PCR system; Promega,

Fig. 1. Phylogenetic analysis of 356 nt partial ORF2 sequences of laboratory and wild mouse MNV isolates. The dendrogram was constructed by the UPGMA

clustering method of MEGA version 3.1 with Jukes–Cantor distance calculations and 1000 bootstrap analyses. Strains described in this study are in bold.
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