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1  | INTRODUC TION

Bats are a highly diverse order of mammals that are recognized as a 
reservoir for emerging viruses such as Severe Acute Respiratory 
Syndrome (SARS), Middle East Respiratory Syndrome (MERS), Nipa, 
Hendra, Lyssaviruses and filoviruses (Calisher, Childs, Field, Holmes, & 
Schountz, 2006; Changula et al., 2018). Based on their behavioural and 
physiological traits, bats are subdivided into two suborders, megabats 
and microbats. In Israel, Chiroptera is the largest mammalian order and 
contains 33 bat species. The Egyptian Rousette bat (Rousettus aegypti-
acus), a megabat, a common fruit bat species, found throughout Africa 
and in the Middle East. The Egyptian fruit bat is the only megachrioptera 
bat in Israel and the most common bat found in urban areas in close 
proximity to humans, national parks and nature reserves (Levin, 2010).

Poxviruses are double-stranded DNA viruses with large ge-
nomes belonging to the family Poxviridae. They are divided into 
invertebrate-infecting Entomopoxvirinae and chordate-infecting 
Chordopoxvirinae. Many poxviruses are zoonotic. Poxvirus infected 
bats has not yet been previously reported in Israel (Levin, 2010) but 
have been identified in bats elsewhere (Baker et al., 2013; Baker & 
Murcia, 2014; Emerson et al., 2013; McLelland et al., 2013; O’Dea 
et al., 2016).

The present study reports the first isolation, histopathological 
and electron microscopic characterization and molecular analysis 

of a poxvirus isolated from an Egyptian fruit bat in Israel that has 
provisionally been named Israel Rousettus aegyptiacus pox virus 
(IsrRAPXV).

2  | CLINIC AL PRESENTATION AND 
SAMPLE PROCESSING

On December 2014, an adult female Egyptian fruit bat (Rousettus ae-
gyptiacus) from the Zoological Gardens at Tel Aviv University, which 
had been clinically normal developed pox-like clinical signs consist-
ing of multiple vesicular and nodular skin lesions on the wing mem-
branes (Figure 1a). The bat was moved from a captive fruit bat colony 
to an open colony, with unrestricted access to the external environ-
ment. A skin biopsy of a nodular lesion and vesicle fluid swabs were 
collected, before the bat was released into the open colony. The 
swab specimens were suspended in 2 ml PBS, incubated for 1 hr at 
room temperature and then clarified by centrifugation at 1,000g for 
10 min at 4°C. The supernatant was kept at −80°C until DNA ex-
traction could be performed. DNA was extracted (DNeasy, Qiagen, 
Germany) from the swab sample suspensions and subjected to poly-
merase chain reaction (PCR) amplifications using pan herpes primers 
(Ehelers et al., 1999), sheep poxvirus specific primers and lumpy skin 
disease virus primers (Menasherow et al., 2014). No replication was 
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evident at 40 amplification cycles performed. Cultures for aerobic 
and anaerobic bacteria were also negative.

Virus isolation was performed using African green monkey kid-
ney epithelial Vero cell cultures (ATCC®, CCL 81™) placed in six-well 
plastic plates (Corning, New York, USA). The Vero cell cultures were 
incubated with samples in 0.5 ml of Phosphate buffered saline (PBS) 
for 1 hr at 37ºC in an incubator with 5% CO2 for viral absorption. 
Afterwards, 4 ml of maintenance medium (Eagle minimum essential 
medium, Biological Industries, Bet Haemek, Israel) supplemented 
with 2% fetal bovine serum (Gibco BRL, Germany), 2% glutamine and 
1% antibiotics (Biological Industries, Bet Haemek, Israel) was added 
and the cell culture returned to the CO2 incubator, these cells were 
inspected daily. Cytopathic effects appeared after 4 days (Figure 1b) 
at which time supernatant was collected and stored at −80ºC.

Histopathological analysis was performed on the skin biopsy, after 
it was fixed in 10% formalin. The sample was embedded in paraffin, sec-
tioned and stained with haematoxylin and eosin, according to standard 
protocols. The skin lesion had a focally extensive marked epidermal 
hyperplasia with ballooning degeneration, intracytoplasmtic inclusion 
bodies, ulceration and supportive dermatitis (Figure 1c). These histo-
pathological findings were consistent with poxvirus infection.

The virus was further characterized by transmission electron mi-
croscopy (TEM). Media collected from infected cells was centrifuged 
at 10,000g for 20 min at 4ºC and then nuclei and cell debris was dis-
carded. For viral enrichment the supernatant was then overlaid on 
a 10% sucrose layer and centrifuged at 50,000g for 1.5 hr at 4ºC in 
Sorvall centrifuge with/T1250 rotor (Thermo Scientific, WX ultra 80). 
Negative staining (Erster et al., 2018) of the enriched virus fraction 
showed brick-shaped poxvirus-like particles with irregular threadlike 
surface fibres with an average size of 246 nm × 194 nm (Figure 1d).

To test whether that virus was a poxvirus, the DNA that as ex-
tracted from tissue culture supernatants, was amplified by PCR 

using poxvirus consensus primers specific for a 1724 bp fragment 
of a conserved region of DNA-dependent DNA polymerase (Tuomi 
et al., 2014) (Genbank accession no. MK542648). A BLAST search 
adjusted for a low-sensitivity mode yielded multiple hits for the DNA 
polymerase gene of a very diverse collection of poxviruses, all with 
similar scores. However, the best nucleotide match was 70%-72% 
homology, implying that the bat was infected by an unreported and 
presumably new poxvirus. Further characterization of the new pox 
virus was performed by PCR using low-GC content poxvirus prim-
ers targeting a 230 bp region of the putative metalloproteinase 
gene followed by Sanger sequencing (Li, Meyer, Zhao, & Damon, 
2010). The top 10 matches to this sequence (GenBank accession 
no. MK542649), in GenBank were all poxviruses with 76%–78% 
homology.

To obtain additional viral sequence for phylogenetic analysis a 
Next Generation Sequencing on a virus enriched preparation (pre-
pared as described above for TEM analysis) using an Illumina plat-
form (www.illum ina.com/techn ology/ seque ncing_techn ology.ilmn). 
DNA sequences were aligned to the sea otter pox virus (SOPXV ac-
cession no. MH427217) (Jacob et al., 2018) and seven open reading 
frames of our identified virus (037, 069, 073, 081, 096, 099 and 114) 
(GenBank accession nos. MK542642-7, and MK542650) were ex-
tracted on the basis of sequence similarity. Open reading frames nu-
cleotides (20,435 bp) were translated into amino acid sequences in 
silico (6,659 aa) and then aligned to 41 poxvirus sequences using the 
Clustal X (v1.83) alignment program. A neighbour-joining phyloge-
netic tree was constructed (Figure 2) using the Poisson model of the 
MEGA program (v6.06). The reliability of the phylogenetic group-
ings was evaluated using bootstrapping with 1,000 replicates. The 
phylogenetic tree revealed that pox virus isolated from the Egyptian 
fruit bat Rousettus aegyptiacus in Israel was a novel species of pox-
virus that clustered with 100% bootstrap value with poxvirus in the 

F I G U R E  1   (a) Photograph of the 
Egyptian fruit bat wing showing multiple 
poxes-like lesions (Arrows). (b) Cytopathic 
effect (Arrows) of IsrRAPXV in Vero cells 
6 days post infection (magnification x100). 
(c) Histologic analysis of lesions from a 
Egyptian fruit bat Rosettus Aegiptiacus 
infected with novel poxvirus revealing 
epidermal hyperplasia with ballooning 
of keratinocytes and the presence 
of intra-cytoplasmic inclusion bodies 
(magnification X 200); (d) Transmission 
electron micrograph of poxvirus particles 
with negative staining of cell culture 
supernatant
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subfamily Chordopoxvirinae and that formed a new genera with two 
recently identified poxviruses, the Pteropox virus (PTPV, accession 
no.NC_030656) and SOPXV (Jacob et al., 2018). The Israeli poxvirus 
was provisionally designated as IsrRAPXV.

3  | DISCUSSION

This study describes the isolation and characterization of IsrRAPXV, 
a new Israeli bat poxvirus from skin lesions of an infected Egyptian 
Rousette bat Rousettus aegyptiacus in Israel. Similar pox-like skin le-
sions were described in an Australian little red flying fox (Pteropus 
scapulatus) that was trapped in the Kimberley region of North 
Western Australia. However, while no viral particles were observed 
in the homogenized lesion and no cytopathic effect was seen by its 
cultivation in three cell lines, DNA was isolated from the sample and 
confirmed the presence of PTPV (O’Dea et al., 2016). Recently, a 
novel poxvirus was isolated from big brown bats with necrosuppura-
tive osteomyelitis lesions in USA (Emerson et al., 2013). Molecular 
analysis revealed that the USA isolate did not group with any of 8 
characterized genera of Chordopoxvirus. Although, only a partial ge-
nome sequencing was performed (a limitation of the current study), 
the IsrRAPXV sequence was found to be related to the sequences 
of two recently identified poxviruses, the PTPV and SOPXV (Jacob 
et al., 2018).

Bats are reservoirs of numerous viral agents that are transmis-
sible to humans and animals. With the exception of lyssaviruses, 
the majority of bat-borne viruses reported to date do not appear 
to cause clinical disease in bats suggesting that the bat's tolerance 
to viral infection may be one of the key mechanisms by which they 
carry viruses that are pathogenic for humans (Pavlovich et al., 2018). 
It is interesting to note that our newly described virus, IsrRAPXV, 
was associated with typical poxvirus-like lesions in a bat, namely, 
vesicular to nodular skin lesions. Egyptian fruit bats roost in large 
colonies that provide many opportunities for disease transmission 
including deposition of the virus on body surfaces followed by infec-
tion of abrasions or auto-inoculation during grooming.

The zoonotic potential of IsrRAPXV is unknown. Although no 
pox infections have been reported in humans exposed to this bat, it 
would be prudent for professionals working with bats to wear pro-
tective clothes and gloves when handling them.
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