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Abstract
Bats are carriers of potentially zoonotic viruses, therefore it is crucial to identify viruses currently found in bats to better 
understand how they are maintained in bat populations and evaluate risks for transmission to other species. Adenoviruses have 
been previously detected in bats throughout the world, but sampling is still limited. In this study, 30 pooled-guano samples 
were collected from a cave roost of Myotis velifer in Oklahoma. A portion of the DNA polymerase gene from Adenoviridae 
was amplified successfully in 18 M. velifer samples; however, DNA sequence was obtained from only 6 of these M. velifer 
samples. One was collected in October 2016, one in March 2017, and 4 in July 2017. The October and March samples con-
tained viral DNA that was 3.1% different from each other but 33% different than the novel viral sequence found in the July 
2017 samples. Phylogenetic analysis of these fragments confirmed our isolates were from the genus Mastadenovirus and 
had genetic diversity ranging from 20 to 50% when compared to other bat adenoviruses.
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Bats make up 20% of all mammals, and they are the second 
richest mammalian order in respect to number of species 
[1, 2]. In recent years, bats have emerged as a rich source 
of novel viruses [3, 4]. They have been found to host more 
zoonotic viruses per species than rodents [5], and even 
documented to harbor viruses from two different viral fami-
lies simultaneously [6]. Viruses in bats can switch hosts to 
other bat species [4] and they are known to carry pathogenic 
viruses that can infect humans such as rabies, lyssaviruses, 
nipah and hendra viruses, ebola, and SARS coronavirus 
[7, 8]. However, in most cases bats serve as reservoirs for 
viruses with immunological tolerance and without transmis-
sion to other humans [7, 9]. Consequently, it is important to 
first identify viruses housed in bats in order to better under-
stand the ecology of bat-borne viruses, how they are main-
tained in bat populations, and then evaluate risks for host 
transmission to other species.

Adenoviruses (AdVs) are double stranded DNA viruses 
found in vertebrate hosts of many different species [8, 10]. 
The family Adenoviridae consists of five genera [11] with 
members in the genus Mastadenovirus infecting mammals 
[12]. AdVs are widespread in the human population and 
cause a variety of usually minor symptoms, such as respira-
tory illnesses, conjunctivitis, and gastroenteritis [8]. Gener-
ally, these viruses are host-specific [13] and thought to have 
low zoonotic risk [14]; however, Chen et al. [15] discovered 
a novel adenovirus (TMAdV) with the ability to infect both 
monkeys and humans. Since bats are known reservoirs of 
numerous viruses and cross-species transmission has been 
documented for an AdV, it will be useful to know which 
AdVs bats carry. AdV strains have been found in more than 
45 species of bats across their global distribution [6, 8, 12, 
16–34] with seven species proposed by the International 
Committee on Taxonomy of Viruses [35]. These studies 
represent a start at investigating bat AdVs, but there is a 
need for additional studies considering there are over 1300 
species of bats [2] and few North American bats have been 
investigated.

In this study, Myotis velifer guano samples were tested 
for the presence of AdVs. We expected to find AdVs in M. 
velifer because that genus had the most AdVs in a study on 
19 bat species in China [8]. Guano was collected from M. 
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velifer individuals in Washita Bat Cave (Washita Co, OK). 
Samples were either collected from a plastic tarp left laying 
overnight at the entrance of the cave (in March or July) or 
after bats were captured and placed in a sterile cup for 1 h 
(in October). Bats were handled following guidelines from 
Sikes et al. [36], and white nose syndrome decontamination 
protocols were followed [37]. Regardless of method of col-
lection, four guano pellets were stored collectively in 500 µl 
of RNA  Later®, and stored at − 20 °C. We obtained a total 
of 120 guano pellets and this provided 30 pooled samples 
for analysis.

DNA extraction was carried out with  QIAamp® DNA 
Mini Kit (Qiagen) following the manufacture’s protocol with 
minor modifications. Nested PCR of the partial Adenoviri-
dae DNA polymerase gene was carried out on each sample 
following Li et al. [8] using primers pol-F (5′ CAGCCK-
CKGTT RTG YAG GGT  3′) and pol-R (5′ GCHACC ATY 
AGC TCC AACTC 3′). Cycling profile consisted of 94 °C 
for 5 min, 30 cycles of 94 °C for 30 s, 48 °C for 30 s, 72 °C 
for 30 s, and then a final extension of 72 °C for 5 min. The 
second round of amplification used 1 µl of first round PCR 
product as template, primers pol-nf (5′ GGG CTC RTT RGT 
CCA GCA  3′ and pol-nr (5′ TAY GAC ATC TGY GGC ATG TA 
3′) and the same cycling steps. Positive (Human Adenovirus 
D DNA from American Type Culture Collection) and nega-
tive controls were used for each PCR. Positive PCR prod-
ucts were purified with  Wizard® SV Gel and PCR Clean-up 
System (Promega). Species verification of bats with positive 
AdV samples was performed using nested PCR with prim-
ers SFF_145f (5′ GTHACHGCY CAY GCHTTY GTA ATAAT 
3′) and SFF_351r (CTC CWG CRTGDGCW AGR TTTCC 3′) 
from [38] and thermocycler steps consisting of 95 °C for 
5 min, 38 cycles of 95 °C for 60 s, 60 °C for 30 s, 72 °C for 
30 s, and final extension of 72 °C for 10 min to amplify a 
region of the cytochrome c oxidase gene that is highly diag-
nostic among bats.

Sanger sequencing of positive samples for bat and 
AdV identification was performed by Oklahoma Medi-
cal Research Foundation, and fragments were aligned and 
manually edited in Geneious v. 10.1.3 [39]. AdV sequences 
(131) isolated from other bat species, turkey, canine, bovine, 
and human AdVs A, B, C, and D on GenBank were added to 
the final alignment. Model of sequence evolution, maximum 
likelihood analysis, and uncorrected P nucleotide distance 
were performed in Mega v. 7.0.26 using all sites, including 
gaps, and 1000 bootstrap replicates [40].

There was at least one positive sample for each col-
lection date, but only 6 of 18 positive samples had viral 
DNA quantities necessary for successful sequencing. The 
alignment of our DNA sequences with only the recognized 
viral species followed a Hasegawa–Kishino–Yano model of 
evolution with a gamma distribution of 0.4847. The maxi-
mum likelihood analysis indicated that the Advs were of the 

Mastadenovirus genus and our proposed AdVs form sepa-
rate clusters in distinct clades (Fig. 1). When all sequences 
from GenBank were included in the alignment the model 
of nucleotide evolution was the General Time Reversible 
model with a gamma distribution of 0.6376 and invariant 
sites. In this analysis (not shown), the AdV sequences did 
not form clusters according to their host family. This sug-
gests transmission between host species is more common 
than coevolution with the host.

Myotis velifer samples from October 2016 (Guano 61) 
and March 2017 (Guano 2) were only 3.1% different from 
each other, while they were ~ 33% different from the 4 
sequences extracted from July 2017 samples (Guano 21, 
22, 24, 25). Guano 21 was identical to Guano 22 and 24, 
and it was only 1 nucleotide different than Guano 25. DNA 
sequences from Guano 2, 61, and 21 have been deposited in 
GenBank (Accession MN240005–MN240007). We do rec-
ognize the sequenced fragment is short (241 basepairs) and 
only provides preliminary viral classification. AdVs species 
are designated if amino acid sequence is > 5% for the DNA 
polymerase gene. Based on this criterion, we suggest Guano 
61 and Guano 2 are different strains of the same AdV spe-
cies and are further referred to as Cave Myotis AdV1-1 and 
Cave Myotis AdV1-2. DNA sequence from Guano sample 
21, 22, 24, and 25 represent a separate Adenovirus species 
and are further referred to as Cave Myotis AdV2. There were 
2 non-synonymous mutations and 2 synonymous mutations 
between Cave Myotis AdV1-1 and AdV1-2. Cave Myotis 
AdV1-1 and AdV1-2 are most similar to GU226951 iso-
lated from Myotis horsfieldii [8] with genetic differences 
of 21.7% and 23.3%, respectively, and most different from 
HQ529709 isolated from Rousettus leschenaultii [21] with 
genetic differences of 48.45 and 49.2%, respectively. Cave 
Myotis AdV2 is most similar to MF404977, 80–82, 84–87 
isolated from Pipistrellus pygmaeus [32] with a genetic dif-
ference of 20.2%. Cave Myotis AdV2 is most different from 
KC692424, 28 isolated from Pteropus giganteus [24] and 
HQ529709 isolated from R. leschenaultii [21] by 44.5%. 
These two new AdVs are ≥ 27% different than any currently 
recognized bat mastadenovirus A–G (Table 1). When AdV 
sequences were compared to other AdVs from bats, genetic 
diversity ranged from 20 to 50%. This study demonstrates 
that there is great genetic diversity of DNA viruses within 
the same species of bats found in the same location, which is 
relatively uncommon for other vertebrate viruses [8].

We sampled caves during 3 seasons and found greater 
prevalence of viral DNA in M. velifer guano during summer 
(July; 14/16 samples = 87%) than spring (March; 1/4 sam-
ples = 25%) or autumn (October; 3/10 samples = 30%). This 
is the highest percentage of positive Adv samples detected in 
bats to date from a single sampling period. Drexler et al. [20] 
collected guano samples from M. myotis in Germany during 
May, June, and July for 3 years, and the highest percentage 
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of positive samples for 1 sample date (67.5%, 27/40 sam-
ples) was collected in May and the same frequency in July. 
It is likely our high percentage of positive samples from one 
sample date is because M. velifer give birth to their young 
in May–June [41]. In summer there are many young bats 
present with weaker immune systems and a greater risk of 
lactating females sharing viruses with their young. Drex-
ler et al. [20] found a significant increase in prevalence of 
coronaviruses one month after parturition during summer 
months but AdV detection was not significantly higher in 
any particular month within in the summer.

Little work has been done to investigate AdVs in North 
American species of bats; however, these studies [19, 29] 

and ours highlight the importance of identifying viruses 
housed in bats to better understand viral evolution, how 
viruses are maintained in bat colonies and evaluate risks 
for host transmission to other species. Li et al. [8] found 
their novel bat AdV (BtAdV-TJM) was capable of infect-
ing several mammalian cells from different species, includ-
ing humans, which indicates that bat AdVs possibly have 
a wide host range. They also suggest some bat AdVs have 
similar amino acid sequences for structural proteins to those 
in human AdVs and a high GC content, which suggest bat 
AdVs might be an ideal vector for gene therapy and vac-
cine delivery in humans [8]. Future studies should include 
sequencing the entire viral genomes and isolating the viruses 

Fig. 1  Phylogenetic relationships of novel bat viruses and described 
bat mastadenovirus sequences available on GenBank. Maximum like-
lihood phylogeny was generated in MEGA7 using a 241-bp fragment 
of the DNA polymerase gene. Tree was inferred using the Hasegawa-

Kishino-Yano G + I model and 1000 bootstrap replicates. Values > 50 
indicated for nodal support. Sequences obtained in this study named 
with the proposed AdV strain

Table 1  Percent nucleotide 
difference between strains of bat 
mastadenovirus isolated from 
Myotis velifer and recognized 
bat mastadenovirus species 
based on the 241-bp fragment 
of DNA polymerase gene

Genetic difference values estimated in Mega7

Strain of bat 
mastadeno-
virus

Bat species GenBank ID Cave Myotis
AdV1-1

Cave Myotis
AdV1-2

Cave 
Myotis 
AdV2

A Myotis ricketti GU226970 [8] 32.6 33.3 27.1
B Pipistrellus pipistrellus JN252129 [17] 34.1 36.4 28.9
C Rhinolophus sinicus KT69853 [28] 35.7 35.7 28.6
D Miniopterus schreibersii KT698856 [12] 40.2 41.7 40.2
E Miniopterus schreibersii KT698852 [12] 43.3 43.3 44.1
F Rousettus leschenaultia KX961095 [12] 36.6 36.6 36.6
G Corynorhinus rafinesquii KX871230 [29] 32.6 32.6 28.7
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to test possible transfections in other species to better char-
acterize the viruses discovered here.
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