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Abstract

The multimammate mouse (Mastomys natalensis; M. natalensis) serves as the main reservoir for the zoonotic arenavirus
Lassa virus (LASV), and this has led to considerable investigation into the distribution of LASV and other related arena-
viruses in this host species. In contrast to the situation with arenaviruses, the presence of other viruses in M. natalensis
remains largely unexplored. In this study, herpesviruses and polyomaviruses were identified and partially characterized by
PCR methods, sequencing, and phylogenetic analysis. In tissues sampled from M. natalensis populations in Cote d Ivoire
and Mali, six new DNA viruses (four betaherpesviruses, one gammaherpesvirus and one polyomavirus) were identified.
Phylogenetic analysis based on glycoprotein B amino acid sequences showed that the herpesviruses clustered with cytomeg-
aloviruses and rhadinoviruses of multiple rodent species. The complete circular genome of the newly identified polyomavirus
was amplified by PCR. Amino acid sequence analysis of the large T antigen or VP1 showed that this virus clustered with a
known polyomavirus from a house mouse (species Mus musculus polyomavirus 1). These two polyomaviruses form a clade
with other rodent polyomaviruses, and the newly identified virus represents the third known polyomavirus of M. natalensis.
This study represents the first identification of herpesviruses and the discovery of a novel polyomavirus in M. natalensis. In
contrast to arenaviruses, we anticipate that these newly identified viruses represent a low zoonotic risk due to the normally
highly restricted specificity of members of these two DNA virus families to their individual mammalian host species.

Abbreviations LASV Lassa virus
BMCMC Bayesian Markov chain Monte Carlo ¢B Glycoprotein B
CI Cote d’Ivoire LD-PCR Long-distance PCR
DPOL DNA polymerase LTAg Large T antigen
MCPyV Merkel cell polyomavirus
ML Maximum likelihood
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MnatRHV Mastomys natalensis rhadinovirus

PhyML-SMS  Maximum-likelihood analysis using
PhyML v3 with smart model selection

PST Posterior set of trees

PyV Polyomavirus

SH-like aLRT Shimodaira-Hasegawa-like approximate
likelihood ratio test

VP1 Virion protein 1

Introduction

Herpesviruses (order Herpesvirales) and polyomaviruses
(family Polyomaviridae) are double-stranded DNA viruses
known to infect many different vertebrate species, includ-
ing fish, birds and mammals [5, 8]. The multimammate
mouse (Mastomys natalensis; M. natalensis) is a common
rodent belonging to the family Muridae, subfamily Murinae.
It occupies a wide geographic range extending across the
entirety of sub-Saharan Africa [34]. The natural habitat of
M. natalensis is equally diverse, with animals well-adapted
to agro-ecosystems and cohabitation with humans [24]. M.
natalensis is the major reservoir for the zoonotic arenavirus
Lassa virus (LASV) [31, 38]. Multiple related arenaviruses
have also been identified in M. natalensis, including Gairo,
Luna, Mopeia and Morogoro viruses [19, 34].

Earlier studies identified herpesviruses and polyoma-
viruses in several rodent species [11, 14], including two
polyomaviruses in M. natalensis corresponding to an alp-
hapolyomavirus [14] and a betapolyomavirus [35]. How-
ever, M. natalensis has never been examined for the presence
of herpesviruses. In the present study, we analysed tissues
from M. natalensis collected in Cote d’Ivoire (CI) in 2014
and in Mali in 2017 for the presence of herpesviruses (CI,
Mali) and polyomaviruses (Mali). Our results show that M.
natalensis carries multiple herpesviruses, predominantly
belonging to the subfamily Betaherpesvirinae but also to
the subfamily Gammaherpesvirinae. We also identified a
novel polyomavirus, representing the third polyomavirus
identified in M. natalensis.

Materials and methods
Sample collection

M. natalensis were live-captured, deeply anesthetized with
isoflurane, bled by cardiac puncture, and euthanized by cer-
vical dislocation. All procedures on live animals were con-
ducted in compliance with the applicable institutional and
national guidelines for use and handling of animals. Tissues
were immediately flash frozen and stored at -80 °C or below.
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Samples were confirmed to originate from M. natalensis by
cytochrome b PCR, sequencing, and a BLAST search of the
GenBank database [25].

PCR methods

DNA was extracted and tested for the presence of herpes-
viruses by a generic nested PCR targeting a region of the
herpesvirus DNA polymerase (DPOL) gene (Fig. 1A) as
described previously [11]. Glycoprotein B (gB) coding
sequences of viruses of the subfamilies Betaherpesviri-
nae and Gammaherpesvirinae were also amplified using a
generic nested PCR [11]. For testing for the presence of
polyomaviruses, a generic polyomavirus PCR (Fig. 1B)
was performed that targets the major capsid VP1 gene of
mammalian polyomaviruses [26, 39]. Specific long-distance
(LD)-PCR (Fig. 1A and B) was carried out using a TaKaRa
Ex Taq PCR Kit (Clontech, California, USA) according to
manufacturer’s instructions.

Availability of data

The novel sequences were deposited in the GenBank data-
base under accession numbers MN417224- MN417229.

Phylogenetic analysis

For phylogenetic analysis, reference viruses were selected
representing all currently recognized species in the family
or subfamily, as well as additional viruses that represented
distinct viral lineages discussed in the literature but not yet
integrated into the official taxonomy (sensu International
Committee on Taxonomy of Viruses [ICTV]). This repre-
sented 111, 21, and 40 polyoma-, betaherpes-, and gamma-
herpesviruses, respectively. The coding sequences (CDSs)
of polyomavirus large T antigen (LTAg) and VP1 or herpes-
virus DPOL and gB were extracted using Geneious v11.1.5
[23]. The CDSs were translated into amino acid sequences,
which were aligned using MUSCLE [9] as implemented
in Seaview v4 [16]. Blocks of conserved amino acids were
then selected using Gblocks, with selection criteria for a less
stringent selection as implemented in Seaview [41].

For each dataset, a maximum-likelihood (ML) analysis
was carried out using PhyML v3 with smart model selection
(PhyML-SMS) and the Bayesian information criterion and a
tree search using subtree pruning and regrafting [16, 18, 27].
Branch robustness was estimated using Shimodaira-Hasegawa-
like approximate likelihood ratio tests (SH-like alLRT) [1]. The
polyomavirus and gammaherpesvirus ML trees were rooted
with TempEst v1.5 by minimizing the variance of root-to-
tip distances [36]; the betaherpesvirus ML trees were rooted
using roseolovirus outgroups. Bayesian Markov chain Monte



DNA viruses in multimammate mouse populations in Africa

2293

glycoprotein B CDS

DNA polymerase CDS

1

product of generic gB PCR

Appr. 5500 (bp)

)
product of generic DPOL PCR

D
product of specific long-distance PCR

Fig.1 Amplification of herpesvirus and polyomavirus sequences.
(A) Sequences of the herpesvirus DNA polymerase (DPOL) and gly-
coprotein B (gB) CDSs (depicted schematically by blue bars) were
amplified by generic DPOL and gB PCR. The respective products
are depicted by magenta bars. The sequence between these regions
of DPOL and gB was then amplified by long-distance PCR (grey

Carlo (BMCMC) analysis was then carried out using BEAST
v1.10.4 [40]. For each alignment, the amino acid substitution
model identified by PhyML-SMS was used with an uncorre-
lated relaxed clock (lognormal) model and a speciation model
(birth—death) as a tree prior. The output of multiple BMCMC
runs was examined for convergence and appropriate sampling
of the posterior using Tracer v1.7.1 [37] before being merged
using LogCombiner v1.10.4 (distributed with BEAST). The

5338,

Product of generic PCR

bar). (B) The genome of Mastomys natalensis polyomavirus 3 was
amplified by generic PCR (magenta bar) targeting the VP1 CDS. The
remaining part of the genome was amplified by inverse long-distance
PCR using ‘back-to-back’ primers (grey bar). The CDSs in the early
region are depicted by red arrows, those in the late region by blue
arrows, and the NCCR by a green bar

maximum-clade-credibility tree (MCC tree) was identified
from the posterior set of trees (PST) and annotated with
TreeAnnotator v1.10.4 (also distributed with BEAST). Branch
robustness was estimated based on posterior probability values
in the PST. The final amino acid sequence alignments com-
prised 264 (VP1), 523 (LTAg), 615 (betaherpesvirus DPOL),
384 (betaherpesvirus gB), 627 (gammaherpesvirus DPOL)
and 284 (gammaherpesvirus gB) amino acid residues.
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Results

DNA was extracted from 72 archived M. natalensis spleen
samples (Mali) and 103 M. natalensis lung samples (CI;
these samples had already been tested for the presence of
LASV [25] and polyomaviruses [14]). DNA samples were
tested for the presence of herpesviruses by generic nested
DPOL PCR, and PCR products of the predicted size were
sequenced. As indicated by BLAST analysis, 45 samples
were herpesvirus-positive. The sequences from 39 samples
matched members of the subfamily Betaherpesvirinae, and
those from six samples matched members of the subfamily
Gammaherpesvirinae (Table 1). Consistent with the lack of
alphaherpesviruses in other murids, no alphaherpesviruses
were detected. The betaherpesvirus sequences originated
from four distinct viruses that were tentatively named "Mas-
tomys natalensis cytomegalovirus 1 to 4" (MnatCMV1-4)
on the basis of phylogenetic clustering with members of this
genus. The five gammaherpesvirus sequences were identical
and represented the same virus, which was tentatively named
"Mastomys natalensis rhadinovirus 1" (MnatRHV1).

The partial DPOL nucleic acid sequences of
MnatCMV1-4 revealed pairwise identities of 69-87%
(Table 1). On the basis of BLAST analysis, these viruses
were most similar to known rodent cytomegaloviruses
from gerbil (Dipodillus spp.) herpesvirus (MnatCMV1),
Malayan field rat (Rattus tiomanicus) cytomegalovirus 1
(MnatCMV?2), and wood mouse (Apodemus sylvaticus)
cytomegalovirus 1 (MnatCMV3 and 4). The partial DPOL
sequence of MnatRHV1 was most similar to that of a gam-
maherpesvirus of the house mouse (Mus musculus rha-
dinovirus 1; 55% identity). MnatCMV 1, MnatCM V2, and
MnatRHV1 were detected only in animals from CI, whereas
MnatCMV3 and 4 were present in animals from both coun-
tries. In terms of the divergence of M. natalensis through-
out these geographic regions, Mali and CI are believed to
be represented by a single phylogenetic group (named A-I;
[7]). The differences in virus distribution may therefore
reflect real geographical differences or may be resolved by

Table 1 Herpesviruses in Mastomys natalensis

Herpesvirus Conservation
(% identity vs

Frequency in CI Frequency in Mali

MnatCMV 1)?
MnatCMV1 100 8/103 (8%)  0/72 (0%)
MnatCMV2 87 51103 (5%) 0772 (0%)
MnatCMV3 61 13/103 (13%)  7/72 (10%)
MnatCMV4 69 4103 4%) 2172 (3%)
MnatRHV 1 6/103 3%)  0/72 (0%)

*Based on pairwise alignments of partial DPOL nucleic acid
sequences (178 bp)
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more-extensive sampling. Overall, herpesvirus frequency in
the M. natalensis lungs (CI) and spleens (Mali) was 34% and
13%, respectively. In the spleen samples from Mali, only
MnatCMV3 and MnatCMV4 were detected, possibly sug-
gesting distinct tissue tropism of individual viruses for lung
compared to spleen.

Next, betaherpesvirus- and gammaherpesvirus-positive
DNAs were tested by generic PCR assays (Fig. 1A) target-
ing the gB coding sequences of members of the subfamilies
Betaherpesvirinae and Gammaherpesvirinae, respectively,
with sequencing of amplified products. Glycoprotein B
sequences were identified for MnatCMV1 (two samples),
MnatCMV3 (five samples) and MnatRHV1 (three sam-
ples), but not for MnatCMV?2 and 4. Based on the partial
DPOL and gB sequences of MnatCMV 1, MnatCMV3 and
MnatRHV1, sequence-specific primer pairs were selected
for each virus from the respective gB and DPOL sequences
and used in LD-PCR (Fig. 1A). This resulted in amplifica-
tion of a 3.2-kilobase pair (kbp) sequence. Assembly with
the initial gB and DPOL sequences resulted in a 3.4-kbp
contiguous sequence stretching from the 3" region of gB
to the 57 region of DPOL. This approach was successful
for two samples positive for MnatCMV3 and three samples
containing MnatRHV 1, but not for any of the MnatCMV 1-
containing samples.

Spleen DNA samples from Mali were also tested for the
presence of polyomaviruses by generic PyV PCR (Fig. 1B).
One sample was positive, with the sequence being identified
by BLAST analysis as originating from a new polyomavirus
distinct from the two known polyomaviruses of M. natal-
ensis. Specific nested ‘back-to-back’ primers were selected
for the VP1 sequence, and a 5.2-kbp product was amplified
by LD-PCR (Fig. 1B), followed by sequencing using clas-
sical ‘primer-walking’. The sequences of the initial generic
PCR product and the LD-PCR product were then used to
assemble a contiguous circular sequence, resulting in the
generation of a complete polyomavirus genome of 5338 bp.
Open reading frame analysis using Geneious 11.1.5 soft-
ware showed the genome to exhibit a typical polyomavirus
genome organization: (1) an early region encoding large,
middle, and small T antigen CDSs and (2) a late region on
the opposite strand encoding the VP1, VP2 and VP3 capsid
proteins. Early and late regions were separated by a non-
coding control region (NCCR). The genome also contained
a CDS encoding a putative ALTO protein [6] of 221 amino
acid residues (Fig. 1B).

Two M. natalensis polyomaviruses had been identified
previously: (1) a more distantly related one, named Mas-
tomys polyomavirus (species Mastomys natalensis poly-
omavirus 1, genus Betapolyomavirus; accession number
AB588640 [35]), from animals in Zambia and (2) a more
closely related alphapolyomavirus, named M. natalensis
polyomavirus 2 (accession number MG701350) [14], from
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animals in CI. We therefore tentatively named the new
polyomavirus identified in the Mali animals as "Mastomys
natalensis polyomavirus 3" (MnatPyV3). The full genome
sequence of MnatPyV3 revealed pairwise identity of 46%
and 55% to those of MnatPyV1 and MnatPy V2, respectively,
and was most similar (66% identity) to murine polyomavirus
(species Mus musculus polyomavirus 1, genus Alphapoly-
omavirus; accession number AF442959).

As only a few polyomaviruses, all alphapolyomaviruses,
have been shown to encode a middle T antigen or an ALTO
protein, we compared the predicted middle T antigen CDS of
MnatPyV3 with that of its closest relative, murine PyV. We
found that the splice donor and acceptor sites are conserved
in sequence and position and that the encoded proteins have
61% amino acid sequence identity. The putative ALTO CDS
of MnatPyV3 is similar in length and genomic position to
the ALTO CDS of Merkel cell polyomavirus (MCPyV),
with a hydrophobic motif at its C-terminus similar to that of
MCPyV [6]. These comparisons add strength to the predic-
tion that MnatPyV3 encodes a middle T antigen and/or an
ALTO protein.

To investigate the evolutionary position of the novel
herpesviruses, we carried out phylogenetic analysis on
viruses for which the 3.4-kbp sequence was available,
namely, MnatCMV3 and MnatRHV1. ML and BMCMC
analyses performed on MnatCMV3 and known repre-
sentatives of the subfamily Betaherpesvirinae using an
alignment of gB amino acid sequences [11] suggested
that MnatCM V3 is a member of a monophyletic group
of rodent CM Vs that comprises three species assigned by
the ICTV to the genus Muromegalovirus (Fig. 2; Online

Tree scale: 0.1 +——my

Genus _&

. Cytomegalovirus

Resource 1). Phylogenetic analysis of an alignment of gB
sequences of viruses representing the subfamily Gam-
maherpesvirinae showed that MnatRHV 1 is in a sister
taxon to a group of rodent gammaherpesviruses (Fig. 3;
Online Resource 2). This group was described previously
as comprising rhadinoviruses and includes the rhadinovi-
rus of house mouse (Mus musculus rhadinovirus 1) [11].
However, these viruses did not form a monophyletic group
with members of recognized rhadinovirus species [30],
at least using the tree rooting that we employed (mini-
mization of root-to-tip distance variance with TempEst
[36]). Phylogenetic analysis of DPOL alignments of the
beta- and gammaherpesviruses yielded similar results
(Online Resource 3 and Online Resource 4 [betaherpes-
viruses] and Online Resource 5 and Online Resource 6
[gammaherpesviruses]).

Phylogenetic analysis based on the amino acid
sequences of LTAg of MnatPyV3 and representatives of
all polyomavirus species currently recognized by the ICTV
showed that MnatPyV3 is a single member of a sister
taxon to the murine polyomavirus (species Mus musculus
polyomavirus 1). The clade formed by these two viruses is
itself in sistership with a monophyletic group comprising
only rodent alphapolyomaviruses, including rat (species
Rattus norvegicus polyomavirus 1) and hamster (species
Mesocricetus auratus polyomavirus 1) polyomaviruses and
another polyomavirus infecting M. natalensis, MnatPyV?2
(Fig. 4; Online Resource 7). Phylogenetic analysis of a
VP1 alignment of the same polyomaviruses supported a
similar topology (Online Resource 8 and Online Resource
9).

Elephantid herpesvirus 1 KC462165 Asian elephant
Porcine cytomegalovirus AF268040 Domestic pig
Human herpesvirus 6b AB021506

Colobus guereza cytomegalovirus 1 AY129397 Mantled guereza
Mandrill cytomegalovirus 1 AY129399 Mandirill

Rhesus cytomegalovirus AF033184 Rhesus monkey

Pongo pygmaeus cytomegalovirus 1 AY129396 Orang utan

Pan troglodyles cytomegalovirus 1 FJ538485 Chimpanzee

Human cytomegalovirus NC 006273

Gorilla gorilla cytomegalovirus 2 FJ538490 Gorilla

Apodemus flavicollis cytomegalovirus 3 EF125064 Yellow-necked mouse
Sciurus vulgaris betaherpesvirus 1 MK671091 Eurasian red squirrel

Mus musculus cytomegalovirus 2 GU017485 House mouse

Bandicota indica cytomegalovirus 3 EF125067 Greater bandicoot rat
Rattus exulans cytomegalovirus 1 EF125071 Polynesian rat

Murid herpesvirus 8 JX867617 Norway rat

Microtus arvalis cytomegalovirus 1 EF125059 Common vole

Bl Muromegalovirus —_—

yodes g
[l Froboscivirus —
[l Roseolovirus —

Fig.2 Maximum-likelihood tree of betaherpesviruses based on
blocks of conserved amino acids in glycoprotein B. Betaherpesvi-
ruses are denoted by Latin taxonomic name or common name, fol-
lowed by GenBank accession number and host common name. Deno-
tation of the novel Mastomys natalensis cytomegalovirus 3 identified

cytomegalovirus 1 EF125061 Bank vole

Apodemus flavicollis cytomegalovirus 2 EF125063 Yellow-necked mouse
Murid herpesvirus 1 GU305914 House mouse
Mastomys natalensis cytomegalovirus 3 #8172 Multimammate mouse

herein is in bold font and also includes the sample ID. For ICTV-rec-
ognized virus species, genera are indicated by the colored background
of the virus name. Grey branches are relatively weakly supported
with posterior probability values < 0.95
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Colored ranges

Tupaia belangeri gammaherpesvirus 1 AY197561 Northern treeshrew
Saimirine herpesvirus 2 M31122 Squirrel monkey extraction

Ateline herpesvirus 3 AF083424 Owl mankkey

Tapirus terrestris gammaherpesvirus 1 AF141887 Amazonian tapir
Kaposi sarcoma herpesvirus U93872 Human

Macaca mulatta rhadinovirus AF210726 Rhesus monkey

Panthera leo gammaherpesvirus 1 DQ789370 Lion

Puma concolor gammaherpesvirus 1 KF840717 Cougar

Babyrousa babyrussa rhadinovirus 1 AY177146 Buru babirusa

Sus barbatus rhadinovirus 1 AY177147 Bornean bearded pig

Bovine gammaherpesvirus 4 AF318573 Cattle

Diceros bicornis gammaherpesvirus 1 AY197560 Black rhinoceros

L i i i pesvirus 1 MK671102 Richardson ground squirrel
Bandicota indica rhadinovirus 4 EF 128043 Greater bandicoot rat
Cricetid gammaherpesvirus 2 HQ221963 Pygmy rice rat

Myodes glareolus rhadinovirus 1 AY854169 Bank vole

Murine herpesvirus 68 U97553 Wood mouse

Apodemus flavicollis rhadinovirus 1 DQ821580 Yellow necked mouse
Wood mouse herpesvirus GQ169128 Wood mouse

Equus zebra gammaherpesvirus 1 AY495965 Mountain zebra
Crocuta crocuta gammaherpesvirus 1 DQ789371 Spotted hyena

Eptesicus serotinus rhadinovirus 1 DQ788623 Serotine bat

Pipistrellus nathusii rhadinovirus 1 DQ788629 Nathusius pipistrelle

Nyctalus noctula rhadinovirus 2 DQ788627 Common noctule

Bandicota savilei rhadinovirus 1 DQ821581 Savile bandicoot rat

Mus cervicolor rhadinovirus 1 DQ821582 Fawn-colored mouse

Mus musculus rhadinovirus 1 AY854167 House mouse

Mastomys natalensis rhadinovirus 1 #8190 Multimammate mouse
Mastomys natalensis rhadinovirus 1 #8148 Multimammate mouse
Mastomys natalensis rhadinovirus 1 #8153 Multimammate mouse
Sciurus carolinensis gammaherpesvirus 1 MK671098 Eastern grey squirrel

Epstein Barr virus AJ507799 Human

D Lymphocryptovirus
. Macavirus

. Percavirus

[ Rhadinovirus

Tree scale: 0.1

—
| S
—
L

1 EU085379 Asian elephant
1 AY197559 Pygmy hippopotamus

Eleoh
lephas gar

t iberiensis gamm P

Fig.3 Maximum-likelihood tree of gammaherpesviruses based on blocks of conserved amino acids in glycoprotein B. For explanation see leg-

end of Fig. 2

Discussion

M. natalensis is highly adapted to close cohabitation with
humans. This characteristic, combined with a high fre-
quency and extensive geographic range, makes the rodent
a high-value species in terms of potential for zoonotic
microbial flow to humans. M. natalensis carries arena-
viruses throughout sub-Saharan Africa and is known to
serve as a continuing source of human LASYV infection
in West African countries, mainly Sierra Leone, Guinea,
Liberia, and Nigeria. This has led to the intensive study of
LASYV and other arenaviruses in this rodent species [17,
34]. However, beyond arenaviruses little is known regard-
ing the microbes that infect these animals. M. natalensis
has been reported to be a reservoir species of Borrelia
crocidurae [3], the etiological agent of relapsing fever,
and is also known to carry Yersinia pestis. The latter
pathogen-host interaction is believed to play a key role
in the plague cycle in southern Africa [22]. Similarly, a
papillomavirus (Mastomys natalensis papillomavirus) has
been identified in M. natalensis and is believed to be caus-
ally associated with a high incidence of cutaneous skin
tumors in these animals [42]. Our results are compatible
with the notion that the herpesviruses and polyomaviruses

@ Springer

Fig.4 Maximum-likelihood tree of polyomaviruses based on blocks »
of conserved amino acids in the large T antigen. Polyomavirus
nomenclature follows the recommendations of the ICTV Polyomavir-
idae Study Group using the Latin binomials of their hosts followed by
a serial number; GenBank accession numbers and vernacular names
of the host are also given. Virus genera are indicated by colored back-
ground. Mastomys natalensis cytomegalovirus 3 identified in this
study is identified in bold font. Grey branches are relatively weakly
supported with posterior probability values <0.95

identified in M. natalensis arose from lineages of viruses
closely associated with rodents. The occurrence of mul-
tiple herpesviruses and polyomaviruses in M. natalensis
is not surprising, as infection with members of multiple
species of a DNA virus family is common in all host spe-
cies that have been examined in any detail (e.g. [10-13,
39]). It is tempting to interpret this pattern as suggesting
that these viruses co-diverged with their hosts and are M.
natalensis-specific, since co-divergence is an important
process in shaping herpesvirus and polyomavirus evolu-
tion [2, 4, 14, 15, 28, 33]. Therefore, despite the com-
mensality, abundance, and extensive geographic range of
this rodent species, we do not expect these DNA viruses
to represent a major zoonotic threat.



DNA viruses in multimammate mouse populations in Africa

2297

Tree scale: 0.1 +——

Genus

[] Alphapolyomavirus
[—| Betapolyomavirus
[] Gammapotyomavirus
[] Dettapolyomavirus
[] unassigned

[ Notassessed

Pygoscelis adeliae polyomavirus 1 KP033140 Adelie penguin

Anser anser 1AY140894 Greylag g

Cracticus torqualus polyomavirus 1 KF380862 Bulcherbird

Enythrura gouldiae polyomavirus 1 KT302407 Gouldian finch

Corvus monedula polyomavirus 1 DQ192570 European jackdaw.
Serinus canaria polyomavirus 1 GU345044 Island canary

Aves polyomavirus 1 AF241168 Budgerigar common pet parakeet
Pyrhula pyhula polyomavirus 1 0Q192571 Eurasian bullfinch
Lonchura maja polyomavirus 1 KX756154 White-headed munia
Potamochoerus porcus polyomavirus 1 MGB54481 Red river hog
Capra aegagrus polyomavinis 1 MGE54479 Domeslic goat

Bos taurus polyomavirus 1 KU170643 Cattle

Delphinus delphis polyomavirus 1 KC594077 Short-beaked common dolphin
Callosciurus prevostii polyomavirus 1 MK883808 Prevost's squirrel
Sciurus carolinensis polyomavirus 1 MK671096 Eastern grey squirrel
Glis glis 1 MG701352 Edible d

Vicugna pacos polyomavirus 1 KUB79245 Alpaca

Human polyomavirus 3 EF127908

Human polyomavitus 4 EF444549

Myodes glareolus polyomavirus 1 KR612368 Bank vole

Microlus arvalis polyomavirus 1 KR612373 Common vole

Mus musculus polyomavirus 3 MF175082 House mouse

Rattus norvegicus polyomavirus 2 KX808699 Norvegian rat

Canis familiaris polyomavirus 1 KY341899 Domeslic dog

Equus caballus polyomavirus 1 JQ412134 Horse

Erythra lulris polyomavirus 1 KM282376 Sea otter

Macaca mulatta polyomavirus 1.J02400 Rhesus monkey

Human polyomavirus 2 J02226

Pan troglodyles polyomavirus & KT884050 Westem chimpanzee
Cercopithecus erythrotis polyomavirus 1 JX159985 Red-eared guenon
Chlorocebus pygerythrus polyomavirus 2 ABT67299 Vervet monkey
Human polyomavirus 1 V01108

Papio cynocephalus polyomavirus 2 AB767295 Yellow baboon

Meles meles polyomavirus 1 KP844238 European badger
Leptonychotes weddellii polyomavirus 1 KX533457 Weddell seal
Zalophus californianus polyomavirus 1 GQ331138 California sea lion
Desmodus rotundus polyomawirus 1 JQ958892 Common vampire bat
Artibeus planirostris polyomawirus 3 JQ958890 Flat-faced fruit-eating bat
Pteronotus pamellii polyomavirus 1 JQ958891 Pamells muslached bal
Pteronotus davyi polyomavirus 1 JX520662 Davys naked-backed bat
Loxodonta alricana polyomavirus 1 KF147833 African elephant
Miniopterus alficanus polyomavirus 1 JX520681 African long-fingered bat
Cebus albifrons polyomavirus 1 JX159988 White-fronted capuchin
Saimiri boliviensis polyomavirus 1 AM748741 Squirrel monkey

Saimiri sciureus polyomavirus 1 JX159989 Squirrel monkey

Dobsoenia moluccensis polyomavirus 2 AB972846 Moluccan naked-backed fruit bat
Acerodon celebensis polyomavinis 2 AB972041 Sulawesi flying fox

Rousettu: irus 1 LC185218 Egyptian fruit bat
Dobsonia moluccensis polyomavirus 3 ABS72847 Moluccan naked-backed fruit bat
Mus musculus polyomavirus 2 KT887216 House mouse

Panthera leo polyomavirus 1 MG701353 Lion

Myotis lucifugus polyomavirus 1 FJ188392 Little brown bat

Mastomys natalensis 1 AB588640 Natal mouse
Human polyomavirus 10 JQB98291

Human polyomavirus 11 JX463183

Procyon lotor polyomavirus 2 KY549442 Raccoon

Canis lupus polyomavirus 1 MG701355 Wolf

Alluropoda melanoleuca polyomavirus 1 KY612371 Giant panda

Human polyomavirus 7 HM011566

Human polyomavirus 6 HM011560

Pan troglodytes polyomavirus 7 JX159983 Eastem chimpanzee

Tupaia belangeri polyomavirus 1 MK443498 Northem tree shrew

Human polyomavirus 9 HQ696585
Pan troglodytes polyomavirus 6 JX158982 Westem chimpanzee
Macaca 1JX159986 g macaque

Papio cynocephalus polyomavirus 1 AB767294 Yellow baboon
Chlorocebus pygerythrus polyomavirus 3 AB767297 Vervet monkey
Dobsonia moluccensis polyomavirus 1 AB972845 Moluccan naked-backed fruit bat
Preropus vampyrus polyomavirus 1 AB372944 Large fying fox
Acerodon celebensis polyomavirus 1 AB872940 Sulawesi flying fox
Ateles paniscus polyomavirus 1 JX158987 Red-faced spider monkey
Human polyomavirus 8 GUS89205

Pongo pygmaeus polyomavirus 1 FN356800 Bomean orang-utan
Sorex minulus polyomarus 1 MF401583 Eurasian pygmy shrew.
‘Sorex coronatus polyomavirus 1 MF374999 Crowned shrew

Human polyomavirus 12 JX308829

Sorex araneus polyomavirus 1 MF374997 Common shrew

Mus musculus polyomawirus 1 AF442959 House mouse

M. 1

Raltus norvegicus polyomavirus 1 KROB5723 Norway rat

Apodemus flavicollis polyomavirus 1 MG654476 Yellow-necked mouse
Mesocricetus auratus polyomavirus 1 JX036360 Synan hamster
Mastomys natalensis polyomavirus 2 MG701350 Multimammate mouse
Pan troglodytes polyomavirus 4 JX159980 Westem chimpanzee.

Pan troglodytes polyomavirus 5 JX159981 Westem chimpanzee

Pongo abelii polyomavirus 1 FN356901 Sumalran orang-utan

Sus scrofa polyomavirus 1 KR085722 Domestic pig

yon lotor 1.JQ178241 Raccoon
Human 14 KY404016

Pan troglodytes polyomavirus 2 HQ385748 Westem chimpanzee
Human polyomavirus 5 HM011556

Gorilla gorilla polyomavirus 1 HQ385752 Western lowland gorilia
Pan troglodytes polyomavirus 3 HQ385748 Westem chimpanzee
Eidolon helvum polyomavirus 1 JX520660 Straw-coloured fruit bat
Ci cor 1JX520659 Heart-nosed bat

Otomops marti irus 2 JX520658 Large-eared free-tailed bat
Carollia perspicillata polyomavirus 1 JQ958889 Seba's short-tailed bat

Adibeus planirosiris polyomavirus 1 JQ958887 Flat-faced fruit-eating bat
Miniopterus schreibersii polyomavirus 1 LC185215 Schreiber's long-fingered bat
Miniopterus schreibersi polyomavirus 2 LC185216 Schreiber's long-fingered bat
Molossus molossus polyomavins 1 JQF58893 Velvel free-talled bat

Otomops firus 1 JX520664 Larg: iled b
Artibeus planirostris polyomavirus 2 JQ958886 Flat-faced fruit-eating bat
i 1JQ058888 Litlle yells bat
monticola 1 MG654482 Blue duiker
Tupaia glis polyomavirus 1 MG721015 Common tree shrew
c erythraeus 1 MK871087 Pallas's squirrel

Pan troglodytes polyomavirus 1 FR692334 Westem chimpanzee

Human polyomavirus 13 KF854417

Chlorocebus pygerythrus polyomavirus 1 AB767298 Vervel monkey
Piliocolobus badius polyomavirus 2 KX509984 Westem red colobus
Piliocolobus mufomitratus polyomavirus 1 JX158984 Tana River red colobus

polyomavirus 3 MN417229 Multimammate mouse
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CMVs are showing promise as the basis of a generation
of host-specific vaccine vectors [20, 21, 29, 32, 43]. In this
context, our study opens the way to developing MnatCM Vs
to target zoonotic pathogens in M. natalensis. As a compo-
nent of an ongoing multi-institutional study, we have since
isolated several infectious MnatCMVs and sequenced their
genomes. We plan to clone these genomes as infectious bac-
terial artificial chromosomes, thereby enabling the develop-
ment of a novel scalable vaccine platform for combating
zoonotic pathogens in this important reservoir host.

Conclusions

In addition to a novel polyomavirus, this study represents the
first identification of herpesviruses in M. natalensis. In con-
trast to the arenaviruses commonly found in this rodent spe-
cies, we anticipate that these newly identified viruses repre-
sent a low zoonotic risk due to the normally highly restricted
specificity of DNA viruses such as polyomaviruses and her-
pesviruses to their individual mammalian host species.
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