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Abstract: “Aims’ Bats are natural hosts for a wide variety of viruses and could therefore be the reservoir, source
and spillover for several mammalian viruses, including adenoviruses. Presently BatAdV-2 and related strains
from European bats are currently categorised as species B. None of the other mastadenovirus species in
European bats have been identified or clearly described. The aim of this study was to analyse the diversity of
adenoviruses from bats in Eastern Europe (Central European Russia) and their relationship with those from
bats in Western Europe, in order to improve our understanding of the bat viruses circulating in Europe.
‘Methods and Results” We examined faecal samples from Vespertilionidae bats (five species) captured in
central Russia (Moscow Region) and found that 2/12 (16%) were positive for mastadenoviruses. The partial
genome of the mastadenovirus was identified in Pipistrellus nathusii, representing the bat adenovirus species
B (widespread in European Vespertilionidae bats). And the complete genome of a novel mastadenovirus was
assembled from the faeces of Nyctalis noctule and named “Quixote” (isolate BatAdV/MOW15-Nn19).
Comparative studies showed significant divergence of the complete genome sequence of “Quixote” from
European bat mastadenoviruses, the only known virus showing genome and protein sequence low similarity
was isolate from an Australian bat. The “Quixote” and australian isolate WA3301 form a subclade that
separated from other BatAdVs. Phylogenetic analysis, as well as comparative analysis of protein-coding genes
with homologues available from public databases, provided evidence that “Quixote” is related to a novel
species within the genus Mastadenovirus (tentatively named “K”). Phylogenetic analysis of a short part of the
DNA polymerase gene showed that the few partially sequenced and previously published viruses from Europe
(Switzerland, Spain) are relatives of “Quixote”. ‘Conclusions’ At least two bat mastadenovirus species are
endemic to Europe: the previously described bat adenovirus species B and the novel bat adenovirus species
described here (provisionally named “K”). Both mastadenovirus species are circulating in bats throughout
Europe (from western to eastern areas).

Keywords: Chiroptera; European bat mastadenoviruses; novel species; viral distribution;
Vespertilionidae; Nyctalus noctule; Pipistrellus nathusii

1. Introduction

Adenoviruses (double-stranded DNA viruses of the family Adenoviridae, with genomes of 25-48
kb) have been intensively studied because of their role as pathogens in humans and domestic animals
(Benko et al., 2022; Gallardo, Pérez-Illana, Martin-Gonzalez, & Martin, 2021; Ntumvi et al., 2021;
“Viralzone.Expasy. Org Mastadenovirus (Taxid:10509),” n.d.). In addition, modified versions of
adenoviruses are used for the construction of adenovirus-based vaccines and new adenoviruses can
be considered as potential for the development of therapeutic vectors (Benko et al., 2022; Kleinberger,
2015; Matsugo et al., 2021; Sallard, Zhang, Aydin, Schréer, & Ehrhardt, 2023) All human adenoviruses
belong to the genus Mastadenovirus (MastAdVs), which is one of six genera in the family

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202405.0564.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 May 2024 doi:10.20944/preprints202405.0564.v1

Adenoviridae (Benko et al., 2022) Humans are infected by seven species (A to G), which are usually
subclinical but can cause a wide range of clinical syndromes, especially in immunosuppressed
patients, such as acute respiratory syndrome, pneumonia, adenoid-pharyngeal-conjunctival
infection, epidemic keratoconjunctivitis, hepatitis, cystitis, gastroenteritis and others (Benko et al.,
2022; Doerfler, 1996; Harrach, 2014) To date, >100 different human AdV types (HAdVs) have been
discovered (Ntumvi et al., 2021; Wang et al., 2023)

In addition to humans, MastAdVs can infect a variety of mammalian hosts. In general,
MastAdVs appear to be host-specific viruses (Ntumvi et al., 2021), but some MastAdVs infect a wide
range of hosts. The Canine adenoviruses (CAdVs) could infect a wide range of carnivores such as
domestic dogs, wolves, bears, foxes, mink, etc. (Balboni et al., 2019, 2013; Hou et al., 2023; Oleaga,
Balseiro, Espi, & Royo, 2022), while some Human adenoviruses (HAdVs) have been detected in
monkeys (long-tailed macaques, stump-tailed macaques and great apes) (Kosoltanapiwat et al., 2022;
Medkour et al., 2020). The latter supports the view that adenoviruses could be transmitted from
primates to humans or vice versa (Chen et al., 2011; Dehghan et al., 2019; Harvey et al.,, 2023;
Kosoltanapiwat et al., 2022; Medkour et al., 2020). It is likely that some known (and unknown)
adenoviruses can be transmitted between mammalian species. It is therefore important to study
adenoviruses in animals that have become known as reservoirs of viral infections for various
mammals, including humans.

Bats (Chiroptera) are known reservoirs of several mammalian viruses, some of which can cause
human disease or are ancestors of several human viruses. Mastadenoviruses have been isolated from
chiropterans worldwide. To date, bat mastadenoviruses have been classified into ten species (Bat
Mastadenovirus A-J) according to ICTV data (Benko et al., 2022), forming three clades on the
phylogenetic tree, associated with Vespertilionidae, Rhinolophidae or Miniopteridae/Pteropodidae
bats (Katayama et al., 2022; Ogawa et al., 2017). Clade 1 included viruses isolated from
Vespertilionidae bats (BatAdVs species A, B, G and ]), which are closely related to canine
adenoviruses. Clade 2 included viruses from Rhinolophidae bats (BatAdVs species C) and clade 3
included viruses from Miniopteridae and Pteropodidae bats (BatAdVs species D, E, F, H and I)
(Katayama et al.,, 2022). Information on mastadenoviruses in European bats has been published
regularly since 2008, with the first surveys in Germany (Sonntag, Miihldorfer, Speck, Wibbelt, &
Kurth, 2009). To date, bat mastadenoviruses have been detected in several European countries
including France (Dacheux et al., 2014), Germany (Kohl et al., 2012; Sonntag et al., 2009; Vidovszky
et al., 2015), Hungary (Janoska et al., 2011; Vidovszky et al., 2015), Italy (Diakoudi et al., 2019), Spain
(Iglesias-Caballero et al., 2018), Sweden (Cholleti, de Jong, Blomstrom, & Berg, 2022), Switzerland
(Hardmeier et al., 2021). However, only one complete genome is available for European isolates: Bat
adenovirus 2 strain PPV1 from P. pipistrellus, captured in Germany in 2007 (Kohl et al., 2012). To
better understand the evolution of bat adenoviruses in mammals and their distribution across
Europe, new data on the genetic diversity of bat adenoviruses may be helpful. Here we report the
characterisation of mastadenoviruses obtained from faecal samples of Vespertilionidae inhabiting the
Central European part of Russia (Zvenigorodsky district, Moscow region), including the complete
genomic characterisation of novel mastadenovirus species obtained from N. noctula.

2. Materials and Methods
2.1. Sample Collection

Bat faecal samples were collected in the summer of 2015 in the Zvenigorodsky district of Moscow
Region (Sharapovskoe forestry, coordinates N55.69, E36.70) as described in (Speranskaya et al., 2023).
Bats were captured and sampled by professionally trained staff from the Biology Department of
Lomonosov Moscow State University and released at the site of capture. Collected swabs were placed
in a swab transport and storage medium with mucolytic agent (AmpliSens, Russia) at 4°C during
transport to the laboratory and then stored at -80°C prior to processing.

The 12 bats of five species Myotis dasycneme (n = 2), Myotis daubentonii (n = 2), Myotis brandtii
(n=1), Nyctalus noctula (n = 2), Pipistrellus nathusii (n = 5) were analysed.
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2.2. RNA Extraction, Reverse Transcription, Library Preparation and High-Throughput Sequencing

RNA was extracted using the QIAamp Viral RNA Mini Kit (Qiagen, Germany). Carrier RNA
was dissolved in AVE buffer and added to AVL buffer according to the manufacturer’s
recommendations. The 140 ul of resuspended faecal sample was added to the prepared AVL buffer
with Carrier RNA-Buffer AVE. Further steps were performed according to the original protocol. RNA
was eluted with 60 uL. AVE buffer and stored at -70 °C until analysis. 10 ul of RNA was taken for
reverse transcription using Reverta-L (AmpliSens, Russia). Second strand cDNA was obtained using
the NEBNext Ultra II Non-Directional RNA Second Strand Module (E6111L, New England Biolabs).
To increase the input concentration, 24 ul of first strand product was added to 10 ul of H20 (milliQ)
for subsequent steps.

Double-stranded cDNA was used for library preparation using the NEBNext Ultra II DNA
Library Prep Kit for Illumina (New England Biolabs, England). End prep was performed according
to the manufacturer’s protocol. For the adaptor ligation step, Y-shaped adaptors compatible with the
Nextera XT Index Kit were used at 4 pM per reaction. PCR amplification with index adaptors at 7.5
PM per reaction was performed using the Nextera XT Index Kit (Illumina) in 25 pL total volume
according to the NEBNext Ultra Il DNA Library Prep Kit for Illumina protocol with 15 cycles.

High-throughput sequencing was performed on Illumina HiSeq 1500 using HiSeq PE Rapid
Cluster Kit v2 and HiSeq Rapid SBS Kit v2 (500 cycles).

2.3. Complete Genome Assembly and Annotation of Novel Virus

Paired reads were filtered using Trimmomatic with the parameters SLIDINGWINDOW:4:25
MINLEN:40. After read trimming, reads were assembled using SPAdes v.3.14 in metaSPAdes mode
(Prjibelski, Antipov, Meleshko, Lapidus, & Korobeynikov, 2020). Contigs shorter than 500 bp were
filtered out and the remaining contigs were aligned to viral sequences in both the nt database using
blastn and nr using blastx. Full genomes were selected by comparing the length of the contig with
the median length of the top hits (with a threshold of 90% of the maximum bit score) of the blastn
alignment to the nt database or, in the case of the blastx alignment, with the median length of the
sequence from which the protein in the nr database was derived. Contigs with a length difference of
more than 5% from the median were filtered out, the remaining contigs were considered as full
genome candidates and were subsequently checked manually to account for possible errors in the
algorithm and the NCBI databases.

Genome annotation was performed using the following software: de novo using Prokka software
(Seemann, 2014) and de-reference MK472072.1 using GATU (Tcherepanov, Ehlers, & Upton, 2006) and
ViPTree software (Nishimura et al., 2017). The ORFs/features were additionally revised by BLAST-
based similarity/homology searches. Coding sequence domains were predicted as open reading
frames (ORFs) that shared certain features, such as nucleotide/amino acid sequence similarity, with
known viral genes in the GenBank database. Viral ITR sequences were determined by BLAST. The
viral map was visualised using the SnapGene Viewer [ “SnapGene software (Www.snapgene.com)”].

2.4. Phylogenetic Analyses

The sequences obtained from our new virus isolate were aligned with homologous sequences of
closely related viruses available in the public database — GenBank (153 sequences, see suppl.1).
Alignment was performed using the Multiple Sequence Alignment (MSA) tool, MAFFT version 7
(Katoh, Rozewicki, & Yamada, 2018), using default parameters. Phylogenetic analyses were
performed using W-IQ-TREE [multicore version 2.2.2.3] with ModelFinder (Kalyaanamoorthy, Minh,
Wong, Von Haeseler, & Jermiin, 2017), tree reconstruction (Nguyen, Schmidt, Von Haeseler, & Minh,
2015), and ultrafast bootstrap (1000 replicates) (Minh, Nguyen, & Von Haeseler, 2013). A maximum
likelihood (ML) phylogenetic tree was constructed using. The best-fitting nucleotide substitution
model was determined using [SYM+I+G4 model]. Bootstrap analysis with 1000 replicates was
performed to assess the robustness of the tree topology. The resulting tree topology was visualised
and annotated using ITOL version 6.8.1 (Letunic & Bork, 2021).
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3. Results
3.1. Mastadenovirus Detection

Total RNA sequencing data from bats captured in 2015, Moscow region, obtained earlier during
the analysis of the distribution of coronaviruses (see our previous work) were used to search for
viruses fam. Adenoviridae. The 2 out of 12 samples (16%) were found as mastadenovirus positive:
Nyctalus noctula (sample Ne19) and Pipistrellus nathusii (sample No21).

The complete genome of a mastadenovirus was assembled from N. noctula, named “Quixote”
(isolate BatAdV/MOW15-Nn19). Novel mastadenovirus was named “Quixote” because the complete
genome of an adeno-associated virus (called “Pansa”, not described in this article) was also collected
in the faeces of the same animal. The complete nucleotide sequence has been deposited in GenBank
under accession number PP297886.

We were also able to assemble the partial genome of a mastadenovirus from P. nathusii: de novo
assembly yielded 11 contigs representing mastadenovirus genome fragments with a total of 7112 bp.
The isolate was named BatAdV/MOW15-Pn21 and partial genome sequence was deposited in
GenBank under accession number PP386572-PP386580.

3.2. Complete Genome of Novel Mastadenovirus BatAdV/IMOW15-Nn19

The complete genome of “Quixote” (isolate BatAdV/MOW15-Nn19) contains 35 open reading
frames and the typical gene order found in Mastadenoviruses, see Figure 1. The genome is flanked
by inverted terminal repeats (ITR, origins of viral DNA replication) of 59 bp.

[E4 Orf28
ORF33 12 4 13 1) [E4 orf27} (E4 Orf30)
{7

Start ‘ 'D'n_c 223 | | |;3_3_ '_'Ef_:}___c_n__r_f_ﬁg'a ‘ ‘ End

ic>é<:<§““ B D|D:>n<:|:>f>->c><m i
E1A L1 2 | L3 2 | L4 1 E3L pIV | E4 Orf31
EiB Jarge IVa2 E L2_3 DBP 14 3 E4 0rf6 E4 Orf29
ORF2 ORF32 pTP | ORF14 L4 2 E3S E4 Orf26
E1B small 11 1

BatAdV/MOW15-Nn19
37915 bp

Figure 1. Gene map of BatAdV/MOW15-Nn19. The genes are shown as arrows. Dark-Red arrows are
marked genes encoding genome replication/transcription proteins, Pink - surface proteins of virion,
Light-Blue - DNA synthesis and package, Dark-Blue - host-interaction associated proteins, Red -
predicted proteins without homologs determined.

All identified genes/ORFs of the “Quixote” (isolate BatAdV/MOW15-Nn19) genome have been
accurately annotated according to the ICTV description of the mastadenovirus genome structure
(Benko et al., 2022). All genes described as characteristic of mastadenoviruses were identified in the
genome of the new virus, see Table 1. In addition, 8 ORFs encoding polypeptides of unknown
function were found. We compared each of the identified ORFs (by na or amino acid sequence) of
“Quixote” with Genbank and Uniprot records and found that most of the identified ORFs (27/34)
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encode proteins that show significant alignments with annotated proteins encoded by genes from the
mastadenovirus isolate WA3301 from Chalinolobus gouldii (Vespertilionidae bat from Australia,
genome acc. number MK472072.1), with BLAST homologue identities ranging from 29.21% to 86.52%
(see Table 1). We also found that the re-core protein X encoded by gene L2_4 is most closely related
to that of Rousettus leschenaultii (Pteropodidae bat from China, YP_009388318). The predicted protein
encoded by the E3 gene has homology to the product of the E3 gene of guinea pig adenovirus (30.65%
identity to YP_010796290). The protein encoded by E4 orf6/7 showed moderate identity (44. 59%) to
that of human mastadenovirus D [AGT77890].

Table 1. Information for all of the newly predicted genes found in the BatAdV/MOW15-Nn19
[PP297886] and their most similar genes from the NCBI database. D = DNA synthesis and packaging;
H = putative host defence subversion; R = regulation, S = structural; genes and proteins of unknown
function and/or homology are shaded grey;. *Protein encoded by Australian bat mastadenovirus
[genome accession MK472072.1].

Protein Description; Nearest homolog (proteins)

Transcription

. F . :
Coordinates Gene Function, accordingly to class Genbank ID Identit Query
y
ICTV coverage
R, E1A;
1 372-968 E1A  Modulation of the host cell QGX41997* 39.13%  74%
transcriptional machinery
2 1034-1258  ORF2 Putative protein unknown - -
1050-1289 ORF33 Putative protein unknown = =
complement E1
R, E1B small;
4 1422-2150 EI1B 19K Modulation of the host cell QGX41989*  39.92%  96%
transcriptional machinery
R, E1B Large;
5 1811-3271 EI1B 55K Modulation of the host cell QGX41980* 47.00%  99%
transcriptional machinery
6 3271-3621 ORF32 Putative protein unknown = =
7 36024270  IX Sy  QGX41995* 5355%  66%
Capsid minor protein  Intermediate
g AzaddL b,5(Iva2) QGX41983*  86.52%  99%
complement Capsid minor protein
g 37IBOIY o pn D; QGX41975*  76.90%  98%
complement DNA polymerase
D; pTP, Preterminal
) protein; E2b
10 8619-10250 pTP Important role in the QGX41978*  83.39%  99%
complement o .
initiation of viral DNA
replication
11 10530-11684 L1 1 D; pP3 52k QGX41986*  73.42%  99%
D, S (pllla); Pre-hexon-
o . L1
12 1162913278 L1_2 linking proteir, QGX41979*  80.00%  99%
phosphoprotein
Capsid minor protein
13 1338214776 [2.1 (L) pentonbase; QGX41981* 8470%  99%
Capsid major protein
S (pVII), major core; L2
14 14810-15349 [2 p ‘ssociated with the DNA QGX41998*  7451%  27%

and form the core within
the virion
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S (V), minor core;

Associ ] DNA
15 15412-16509 [2_3 “ssociated with the DN QGX41987* 70.89%  98%
and form the core within
the virion
16455-16754
16 6495-1675 ORF14 Putative protein unknown - -
complement
S (pX), pre-core protein
X
17 16585-16821 L2 4  Associated with the DNA YP_009388318 61.19%  84%
and form the core within
the virion
18 16908-17657  L3_1 SEVD QGX41988* 72.31%  99%
Capsid minor protein
S (II), hexon;
19 17767-20466  L3_2 , ) , L3 QGX41976* 83.70%  99%
Capsid major protein
20 2046821088 L33 D, 5, protease; QGX41993* 79.41%  98%
Peptidase_C5
g1 2112822564 ) D, DBE; E2a  QGX41982* 58.44%  99%
complement DNA binding protein
22 22594-24696 L4_1 D, 100 kDa Shutoff QGX41977* 72.38%  92%
23 2454225042 14 2 DR phosphoprotein2, QGX41999* 56.73%  56%
pr2 L4
S (pVIII), hexon
24 25332-26099 [4 3 associated protein; QGX41992*  85.15% 89%
Capsid minor protein
25 26083-26478  E3S H, 14,4 kDA protein B3 YP_010796290 30.65%  80%
26 26533-30003  E3L H, pE3L QGX41974* 29.21%  99%
27 3005932377  pIV 5(IV), fiber; L5 QGX41984* 3324%  56%
Capsid major protein
R, E4 protein;
28 52416-52874 E4 Orf6/7 Modulation of the host cell AGT77890 44.59%  36%
complementt .y ,
transcriptional machinery
R, E4 protein;
2899-33717
29 32899-33 E4 Orf6 Modulation of the host cell QGX41990* 36.69%  89%
complement iy ,
transcriptional machinery -
30 33687-34226 E4 Orf26 Putative protein unknown - -
31 34207-34572 E4 Orf27 Putative protein unknown - -
32 34584-35285 E4 Orf28 R, Putative dUTPase QGX41994* 27.07%  75%
33 35313-36422 E4 Orf29 ORF19, Putative protein QGX41985* 35.94%  86%
34 36476-37060 E4 Orf30 R, Putative dUTPase QGX41991* 55.61%  95%
35 37094-37558 E4 Orf31 Putative protein unknown - -

Four of the nine ICTV species delimitation criteria for adenoviruses could only be used for
viruses identified by NGS methods, namely: phylogenetic distance (>10-15%, based on distance
matrix analysis of DNA polymerase amino acid sequence), genome organisation (characteristically
in the E3 region), nucleotide composition, host range. According to the ICTV criteria, “Quixote”
(isolate BatAdV/MOW15-Nn19) related to a new species of bat mastadenovirus: the complete genome
showed 72.41% identity (0.53% total length) with the closest virus, isolate WA3301 [MK472072.1].
DNA polymerase amino acid sequence comparisons showed that “Quixote” (isolate
BatAdV/MOW15-Nn19) had 38% identity (0.27 total length) with isolate WA3301 [MK472072.1]. The
next closest virus was Nynoc/Switzerland/2019 [MT815933.1], which was found in N. noctula with 5%
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identity. Bat mastadenoviruses are classified as species A-J according to the ICTV data. Therefore, the
new species can be provisionally designated as “K”.

The complete genome of “Quixote” was 37,915 bp and GC=49.9% like the closest isolate WA3301
(37,617 bp and GC=49.1%). At the same time, other BatAdVs species closest to the new virus had a
length range of 31629-31806 bp (five thousand shorter) and GC content of 53.5-56.9%.
Mastadenovirus genomes range in size from 27,952 (polar bear adenovirus 1) to 37,860 bp (simian
adenovirus 31.2 from chimpanzees, species human mastadenovirus C) (Benko et al., 2022;
Boszorményi et al., 2020; Roy et al., 2009) and in nucleotide composition (GC) from 43.6% (BAdV-2)
to 63.9% GC (PAdV-3) (Harrach, 2014). This means that the genome size of the new adenovirus is
within the known range, but the genome size of the new virus is unusual for bat adenoviruses.

The genome organisation of the “Quixote” (isolate BatAdV/MOW15-Nn19) was the same as that
of isolate WA3301 in the E3 region. However, “Quixote” differ from WA3301 in the E4 region, as well
as both (“Quixote” and WA3301) differ from other bat mastadenoviruses in the E4 region.

3.2. Phylogenetic Analysis for Bat Mastadenoviruses from Russia

The complete genomic nucleotide sequence of the novel virus was phylogenetically analysed
against the full-length genomes of representative members of the genus Mastadenovirus. We found
that “Quixote” (isolate BatAdV/MOW15-Nn19) from N. noctula and isolate WA3301 from C. gouldii
form a subclade that was clearly separated from other Vespertilionidae BatAdVs, see Figure 2. Both
hosts in which the novel virus was found, N. noctula and C. gouldii (Gould’s wattled bat), belong to
the bat family Vespertilionidae. Interestingly, both viruses were found in geographical regions as far
apart as possible: European Russia and Australia.

AF258784 TSAdV-1 Tree shrew adenovirus 1
AF289262 PAAV-5 Porcine adenowvirus 5
100 [ 160 1 I BD269513 BAV-1 Bovine adenovirus 1
100 1 - AF 252854 BAGV-2 Bovine adenovirus 2
100 | KT160425 EAGV-2 Equine adencvirus 2
f MFTT3580 PBAGV-1 Polar bear adenovirus 1
Y 106 1 KY427839 SqAdV-1 Red squirrel adenovirus 1
: } I LT841149 BnDAGV-1 Bottlenose dolphin adenovirus 1
= [ 100 L KRO24710 BADAGV-2 Boftlenose dolphin adenovirus 2
S KJ563221 CSLAGVY-1 Calomia sea lon adenovirus 1

100
MK774519 PAdV-4 Porcine adenovirus 4

5 {0 5 . Humans & simians (115 leaves) subclade

160 AFD83132 PADV-3 Porcine adenovirus 3
MK518302 OAdV-8 Ovine adenovirus 8
100 100 | MNSBE925 GPADV-1 Guinea pig adenovirus 1
! 106 1 HMOL9560 MAAY-2 Murine adenavirus 2
I MZ507556 ReAdV-1 Reindeer adenovinus 1
66 L KY306667 OdAdV-2 Deer adenovirus 2
1001 AFD30154 BAGV-3 Bovine adenovirus 3
EUB35513 MAJV-3 Murine adenovirus 3
l 100 L AC_D00012 MAGV-1 Murine adenaviris A

BatAdV/IMOWI15-Nn19

MEAT2072 Masiadenovirus Gould's wattked bat adenovirus WAI301
104 | JNALB926 EADV-1 Equine adenovirus 1
| LC385828 Baady.-Mm32 Bal mastadenovinus A
100 100 | GUZ26970 BaAdV-3 Bat adenovirus 3
60| JN252120 BaAdv-2 Bat adencwirus 2

KXB71230 BaAdV-11 Bal adenovirus 11
KP238322 SkAdV-1 Skunk adenovirus 1
LC385627 BaAdv-Vs9 Bal mastadenovirus J

L]
Pl . Canine mastadenovirus A (2 leaves) subclade

Figure 2. Phylogenetic analysis of Mastadenovirus complete genomes. The phylogenetic tree was
constructed from 153 complete Mastadenovirus genome sequences from GenBank and the novel bat
mastadenovirus BaAdV/MOW15-Nn19. Numbers in branches indicate bootstrap values. Best-fit
substitution model according to BIC: SYM+I+G4. A new mastadenovirus “Quixote” are marked in
bold and purple, its closest relative isolate WA3301 is only purple (both viruses isolated from the
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Vespertilionidae bat). Other mastadenoviruses also isolated from the Vespertilionidae bat family are
marked in blue. Mastadenoviruses whose hosts belong to other bat families are highlighted in brown.

For taxonomy identification of second mastadenovirus identifien in this sudy -
BatAdVs/MOW15-Pn21 from P. natusii - a phylogenetic tree was constructed using the partial
sequence of the DNA polymerase (DNApol) genes. The two isolates studied here, “Quixote” (isolate
BatAdV/MOW15-Nn19) and BatAdVs/MOW15-Pn21 were phylogenetically distant from each other.
The isolate BatAdV/MOW15-Pn21 was similar to bat adenovirus 2 which is a typical isolate of species
B, according to phylogenetic analysis of the terminal part of DNA polymerase encoding genes, see
Figure 3a. BLAST investigation results the closest nt identity (99%) to the BatAdV from Swiss bats,
2019, P. pipistrellus [MT815935.1] and nt identity in range 79,8-80,1% to BatAdVs from bats captured
during 2017-2019 in Switzerland, P. pipistrellus [MT815928.1], [MT815929.1], Spain, P. pipistrellus
[MN490088.1], and Italy, P. kuhlii [MK625182.1].
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MEAT2072 Mastadenovirus Gould's wattled bat adenovines WA330
MTHLE934 Bal mastadenovirus PRathusiiiSwiterand/2019

e
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’7 r 166 ® Bovine adenovirus 2 (4 leaves)
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_1_0'0_. Equine adenovirus 1 (3 leaves)

. Humans & simians (102 leaves)
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B BAtADVIMOW]S-Pn2]
Ba! mastadenovirus (host Vespermibonidae) from Span (11 leaves)
Humans & simeans (58 leaves)

Lemur mastadenovirus (5 leaves)

Equine adencarnus 1 (2 leaves))

) Bovine mastadenovirus B (4 leaves)

Porcing mastadenovirus C (7 leaves)

Bovine mastadenovirus A (2 leaves)

Porcine mastadenowvirus B (3 leaves)

BatAdVIMOWIS-Nnl9

Tree scale: 0.1

(b)

Figure 3. Phylogenetic analysis of the Mastadenovirus DNA polymerase gene. (a) The phylogenetic
tree was constructed using the terminal part of DNA polymerase sequences (417 bp length). The 166
sequences were extracted from GenBank, see suppl.2; (b) The phylogenetic tree was constructed using
the central segment of DNA polymerase sequences of mastadenovirus genes extracted from GenBank,
see suppl.3. The numbers in the branches indicate the bootstrap values. Most appropriate substitution
model according to BIC: TIM 3+F+I+G4. A new mastadenovirus “Quixote” (BaAdV/MOW15-Nn19)
are marked in bold and purple, its closest relatives in the clade are only purple (all from the
Vespertilionidae bat). A new mastadenovirus BatAdV/MOW15-Pn21 is marked in bold and blue.
Other mastadenoviruses also isolated from the Vespertilionidae bat family are marked only blue.
Mastadenoviruses whose hosts belong to other bat families are highlighted in brown.

According to phylogenetic tree constructed using the terminal part of the DNApol, the
“Quixote” (isolate BatAdV/MOW15-Nn19) falls into clade together with isolate WA3301 from C.
gouldii, Australia and isolate Nynoc/Switzerland/2019 from N. noctula, Europe.

The additional phylogenetic analysis of the central segment of the DNA polymerase gene was
carried out in relation to recently studied viruses (it allows increasing sample of viruses analysed),
see Figure 3b. In the context of the additional DNA polymerase gene analysis, the “Quixote”
demonstrated similarity with wide spectrum of mastadenoviruses from European bats, including
identified in N. noctula Nynoc/Switzerland/2019 [MT815933.1] and couple of viruses identified in
Spanish bats Nyctalus lasiopterus and Nyctalus leisleri [JX065118, JX065125, JX065128, JX065124,
JX065127]. While the Australian virus - isolate WA3301 obtained from C. gouldii — fall into different
clade, together with viruses from Hipposideros larvatus, which were captured in China: Yunnan, 2015
[OP963609] and Phyllostomus discolor captured in Brazil, 2021. This observation suggests a novel
mastadenovirus from N. noctula represents a distinct evolutionary branch of viruses infecting bats in
Europe.
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4. Discussion
4.1. Prevalence of Mastadenoviruses in Bat Populations

Adenoviruses have been in evidence in bats across Europe: from Italy to Hungary (Dacheux et
al., 2014; Diakoudi et al., 2019; Drexler et al., 2011; Hardmeier et al., 2021; Janoska et al., 2011; Kohl,
Nitsche, & Kurth, 2021; Sonntag et al., 2009; Vidovszky et al., 2015). Here we report MastAdVs from
bats captured in central Russia. The 16% of bats examined here were found to be positive for
MastAdVs (2 of 12 samples, 5 bat species). Previously, similar results were obtained for bats from
Germany and Hungary: 14.73% of bats were found to be MastAdVs positive (51 out of 346 samples,
28 bat species) (Vidovszky et al., 2015). Overall, 17.4% of samples (34/195 bats of 8 different species)
collected in northern Italy in 2016-2017 were adenovirus positive (Diakoudi et al., 2019). Some studies
give a different estimate, for example an analysis of Swiss bats found adenoviruses in only 2.6% of
animals (174 sample pools, 69 feces and 105 organ pools, collected between 2015 and 2020)(Hardmeier
etal.,, 2021). AdV DNA was detected in 3.6-8.3% of bats from Spain, depending on the type of sample
examined, oropharyngeal or faecal (Iglesias-Caballero et al., 2018). However, such findings seem to
be the exception rather than the rule. It is likely that 15-20% of bats carrying adenovirus are the norm
in the wild.

4.2. Diversity and Geographic Distribution of BatAdVs from European Bats

BatAdVs have been isolated several times for European bats. However, the number of described
species of bats captured in Europe is quite small. In fact, for most BatAdVs from European bats, only
fragments of the genome are known. Phylogenetic analyses are usually based on short fragments of
200-450 bp of DNA polymerase or Hexon genes or short read sequences (70 nt on average) the pool
of samples, for example in France (Dacheux et al., 2014). This approach significantly reduces the
accuracy of the research and the reliability of the conclusions drawn.

To date, bat mastadenoviruses have been classified into ten species (Bat Mastadenovirus A-J)
according to ICTV data (Benko et al., 2022). The majority of mastadenoviruses from European bats
belong to species B or an unidentified taxonomic position, which could be explained by the current
incompleteness genome sequences. The first case of BatAdV identification in Europe was reported in
2007, from animals captured in Germany. This was the BatAdV-2 isolate PPV1 from P. pipistrellus and
its complete genome was determined (Sonntag et al., 2009). This was followed by a number of studies
that noted the high diversity of mastadenoviruses from bats in Germany, Hungary, and Italy, but
only analysed short genome fragments. Some of investigated sequences showed high nt identity with
the BatAdVs species B, but taxonomy position of some viruses were uncleare (Janoska et al., 2011,
Vidovszky et al., 2015) (Diakoudi et al., 2019) (Hardmeier et al., 2021). Some researchers have clearly
suggested that mastadenoviruses other than BatAdVs species B circulate in bats in Europe. For
example, a total of 1717 samples collected in Spain between 2004 and 2016 from bats representing 27
of the 32 European bat species revealed the multiple BatAdVs.The authors declared that the new
groups are different from the previously described BatAdVs species A and B, but without
clarification, as they only sequenced partial hexon or DNApol genes (Iglesias-Caballero et al., 2018).

This paper, we report two different BatAdVs from bats captured in Russia (from Central
European part of Russia): BatAdV/MOW15-Pn21 from P. nathusii and the “Quixote” (isolate
BatAdV/MOW15-Nn19) from N. noctula. According to phylogenetic analysis of DNA polymerase
gene BatAdV/MOW15-Pn21 is related to species B, as the first BatAdV identified in a European bat
(BtAdV-2 isolate PPV1 from P. pipistrellus, captured in Germany), as the majority of BatAdV strains
identified in Italy in 2019 (Diakoudi et al., 2019) and Spain (Iglesias-Caballero et al., 2018). With Russia
being the easternmost area of Europe, the results presented here show that members of species B are
widespread in bats across Europe. However, the question now arises as to whether the same viruses
are present in bats that live on the other side of the Ural Mountains in Siberia.

“Quixote” (isolate BatAdV/MOW15-Nn19) represents a new species (not approved ICTV, yet).
This finding is based on both whole genome analysis and phylogenetic analysis of the DNA
polymerase gene. We assume that novel species can be designated as a “K” (the next letter after the
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“]”). Previously, a phylogenetic analysis on a large number of short mastadenovirus sequences
obtained from the Spanish bats allows the authors suggested the existence of new members of the
genus Mastadenovirus, in addition to the species already described. But the authors only sequenced
the short fragments of the DNA polymerase and hexon genes, so the existence of these species
remains a guess (Iglesias-Caballero et al., 2018). Here, we found similarity between the “Quixote”
and some isolates from European bats captured in Spain when analyzed short (central) segment of
the DNA polymerase gene. Most likely, the new members of the genus Mastadenovirus proposed by
Iglesias-Caballero et al. (2018) are closely related to “Quixote”, whose complete genome we have now
characterised. According to our data, at least one virus from Swiss bat (strain
Nynoc/Switzerland/2019) is relatives of novel virus characterised here. Thus, we propose that the
novel mastadenovirus “Quixote”, whose complete genome is described here, and its relatives from
Spanish and Swiss bats are related to a separate evolutionary branch and represent novel species
(tentatively named “K”). Thus, at least two endemic species of mastadenoviruses infect bats in
Europe (species B and novel species, provisionally K).

Mastadenoviruses have a tendency to be host specific (Iglesias-Caballero et al., 2018; Ntumvi et
al., 2021). Vespertilionidae bats are carriers of species A, B, G and ] (Katayama et al., 2022). Besides,
mastadenovirus species are specific to animals living in certain geographical regions. The majority of
mastadenoviruses from vespertilionid bats captured in Europe belong to species B. Representatives
of species A have been described in South Asia, namely China and Japan (see typical genomes of
GU226970 and LC385828), while representatives of species G are found in North American bats (see
typical genome NC_031948.1) and species | - in Japanese bats (see typical genome LC385827). Novel
BatAdVs presented in this work fit this concept well. All bat specimens harbouring viruses similar to
“Quixote” relaated to Vespertilionidae. The “Quixote” was identified from N. noctula while similar
viruses were identified from different species of the same genus Nyctalis (N. noctula captured in
Switzerland, N. lasiopterus and N. leisleri captured in Spain) or other Vespertilionidae (C. gouldii, from
Australia).

4.3. Could the Pipistrellus Bats Distribute Mastadenoviruses around the Old World until Australia?

Figure 4 shows the global distribution of bat mastadenoviruses of species B (in European
Vespertilionidae bats), as well as other previously described spesies A, G and ] (from Asian and
Amerycan Vespertilionidae bats) in comparative to a putative new species (tentatively named K),
genetically similar to “Quixote” virus described here. The large distance between the geographical
locations where Quixote-like viruses have been identified raises the question of how these viruses
spread across the globe. There are significant zoological barriers between Europe and Australia.
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Figure 4. Map of mastadenoviruses detected in Vespertilionidae bats. Blue circles indicate viruses of
species A (China), B (Europe), G (USA) and ] (Japan). Red circles viruses genetically similar to
“Quixote” (presumably a new bat mastadenovirus species, tentatively named K).

It is important, the identity of n.a. between complete genomes of BatAdV/MOW15-Nn19 from
European N. noctula (Russia) and the closest BatAdV isolate WA3301 from Australian C. gouldii is low
and geographically distant from these findings, so it can be assumed that intermediate evolutionary
forms will be found in Vespertilionidae bats in the territory of Central or South-East Asia in the
future. Not all Australian bat taxa have been genetically characterized, so the timing of divergence
and even the status of some Australian bat taxa are only guesses. Four genera are endemic to
Australia: Vespadelus, Chalinolobus, Falsistrellus and Scotorepens. They all (presumably) belong to the
Hypsugine group, an undescribed taxon (tribe or subtribe) with the greatest diversity in Africa; the
time of divergence of Chalinolobus from other genera is estimated to be around 12 million years (Lack,
Van Den Busche, 2010), presumably the time of their invasion of Australia via a chain of islands
including New Guinea. The genus Chalinolobus (and three other genera) are the “old” Australian
vespertilionines, so they are unlikely to be the first hosts of viruses related to European viruses. It is
likely that the mastadenovirus BatAdV WA3301, which is related to the European BatAdV/MOW15-
Nn19, was acquired by Chalinolobus from some intermediate hosts. These may have been bats of other
genera.

Among other vespertilionid genera, occurring in Australia, four have bulk ranges outside
Australia across Sunda Islands and tropical Asia (Murina, Phoniscus), the Old World (Pipistrellus) or
have a World-wide distribution (Myotis) (Moratelli et al., 2019). These genera almost certainly arrived
in Australia in the Pleistocene, during the last major sea regression, when one or two narrow straits
remained between Asia and Australia. The Australian myotis, Myotis macrotarsus, has close relatives
in Asia (Myotis horsfieldii and others) from which it probably diverged at the end of the Pliocene (and
with which it may share related viruses). The bats of the genus Pipistrellus (two species currently
living in Australia, namely P. adamsi and P. westralis) presumably belong to the “javanicus” species
group and have their possible close relatives in Sunda Islands and tropical Asia (Kitchener et al., 1986;
Simmons N.B., 2005). It seems that there is no published genetic data on Australian and New Guinean
Pipistrellus species, so their actual phylogenetic relationships are unclear. Morphologically and
ecologically almost all Pipistrellus species are more or less similar, including the European species.
All European Pipistrellus belong to the ‘western’ clade of the genus (Zhukova et al., 2022). There is
the extreme phylogenetic proximity between the ‘western’ clade Pipistrellus and the genus Nyctalus
(Lack & Van Den Bussche, 2010; Zhukova et al., 2022), therefore one could expect the presence of
related viruses in these two genera.

Both Pipistrellus and Myotis are probably able to cross sea straits and colonize islands. Such
possibility is documented for European P. nathusii (Lagerveld, Poerink, & Geelhoed, 2021) and also
derived from the fact of wide insular distribution ranges of some Pipistrellus and Myotis species (e.g.,
P. tenuis and M. ater). Therefore, these two genera provide the most likely bridge for the spread of bat
viruses from Asia to Australia. But, the rate of evolution of viral genomes is higher than the rate of
migration of bats around the globe. The genetic similarity of the mastadenoviruses found in bats in
Europe and Australia suggests that there are likely to be spread by some as yet unknown hosts.

4.4. Structural Features of the Genome of the Novel Mastadenovirus Species

It is closest relative, according to complete genome analysis, is currently a bat mastadenovirus
BatAdV WA3301 [MK472072] isolated from C. gouldii captured in Australia in 2018 (Prada, Boyd,
Baker, O'Dea, & Jackson, 2019). The two genomes were similar in length (37,915 bp vs. 37,617 bp),
GC content (49.9% vs. 49.1%), and genome organisation. Other known BatAdV species were about
five thousand bp shorter and varied in GC content (53.5-56.9%). The genome organisation of the new
virus BatAdV/MOW15-Nn19 was the same as that of isolate WA3301. However, both MOW15-Nn19
and WAB3301 differ from other bat mastadenoviruses in the E4 region. We comprehensively analysed
the predicted genes for novel viruses. After performing automatic annotations de novo and against
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the reference, we found 33 ORFs, 24 of which were similar to previously annotated genes in WA3301.
They are homologs of functionally necessary genes in mastadenoviruses, so they are likely to encode
proteins. However, the functions of some ORF products could not be reliably determined. The E1
region encodes 3 putative ORFs of unknown function. The E4 region includes putative proteins, none
of which have been unambiguously annotated in MOW15-Nn19 (as well as in WA3301). We are of
the opinion that further research is necessary in order to determine the functions of the predicted
proteins.

The proposed start codons of two genes — E1A and POL (DNA polymerase) - are Val (instead
Met). These results were obtained using the “prokka” annotation tool. The standard mammalian
genetic code was used as the translation table for the genus Mastadenovirus. Then the coordinates
were manually checked with careful consideration using the closest complete genome as a reference
(accession number MK472072.1). We suggest possible novel molecular mechanisms leading to the
replacement of Val by Met during translation, as some findings suggests that valine tRNA may be
involved in the initiation of sgRNA translation (Sanz et al., 2019). These results show that new viral
genomes require experimental validation of gene coordinates and function.

5. Conclusion

At least two bat mastadenovirus species are endemic to Europe: the previously described bat
adenovirus species B and the novel bat adenovirus species described here (provisionally named “K”).
The complete genome of a new species of the genus Mastadenovirus (tentatively named “K”) from
bats living in the European part of Russia was determined. Based on the analysis of short fragments
of mastadenovirus polymerase genes identified in European bats, we hypothesized that some of them
also belong to the described new species. We also found mastadenovirus species B in the European
part of Russia, which is widespread in bats captured in Europe. All this suggests that closely related
bat mastadenoviruses are circulating in bats throughout Europe (from western to eastern areas).
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