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Molecular detection of two new putative species of
gammaherpesvirus in petaurid possums

JK Douch, JM Devlin, P Whiteley, CA Hartley* and PK Vaz

A molecular survey of herpesviruses in Australian native mammals
was conducted, spanning 260 individuals from 27 species. Among
the herpesviruses detected, a putative new gammaherpesvirus
species was detected in the yellow-bellied glider (Petaurus austra-
lis), and another in the critically endangered Leadbeater’s possum
(Gymnobelideus leadbeateri). In addition, the known host range of
the putative species macropodid gammaherpesvirus 3 (MaHV-3)
is herein extended to the western grey kangaroo (Macropus
fuliginosus). These findings expand our understanding of herpes-
viruses in Australian mammals and may inform biosecurity proto-
cols for captive and translocated populations.
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H erpesviridae is a family of more than 100 member species
of double-stranded DNA viruses that infect amniotes. Her-
pesvirus infections are characterised by an acute primary

infection followed by the establishment of a latent infection. Reac-
tivation of latent infections can result in shedding of virus either
with or without clinical signs, so that intermittent periods of virus
shedding and transmission can occur throughout the host’s lifetime.
The clinical consequences of herpesvirus infection can range from
no signs of disease to rapid mortality. Herpesvirus infections in
humans and domestic animals have been demonstrated to cause
severe morbidity and, in the case of the latter, economic losses. There
are also numerous unique herpesvirus species or putative species
hosted by a wide range of native Australian animals, including mar-
supials.1 For example, infection with Macropodid alphaherpesvirus
1 is associated with conjunctivitis, rhinitis, cloacal lesions and pneu-
monia in parma wallabies (Macropus parma).2 Wildlife translocation
and co-housing of captive animals leads to stress and increases the
opportunity for reactivation. Shedding and transmission can occur
from natural hosts with or without clinical signs, to infect potentially

vulnerable new host species, as has occurred previously among
Australian macropods.3 Therefore, an accurate and comprehensive
understanding of the herpesviruses that infect these hosts will be a
valuable information to help inform biosecurity protocols.

This report describes the results of a survey for herpesviruses in
Australian native mammals from free ranging and captive
populations. Many possums (n = 119) were included, as well as east-
ern grey kangaroos (Macropus giganteus; n = 52), koalas
(Phascolarctos cinereus; n = 20), and southern brown bandicoots
(Isoodon obesulus; n = 20). Smaller numbers of other native mam-
mal species were included. In total the survey spanned 258 individ-
uals from 25 species (Table 1).

Samples were opportunistically used in this survey, collected for other
clinical investigations by veterinary professionals or as components of
other research and surveillance projects (including DELWP permit
#10009447).4 Samples included cloacal, nasal, ocular and oropharyn-
geal swabs that were stored dry, in phosphate-buffered saline solution,
or in viral transport medium.1 Blood, spleen and other tissues were
also received that had been excised postmortem. All samples were pre-
served at �20 or �80�C until analysis, depending on the availability
of ultra-low temperature freezers at the location of collection.

For swabs, DNA extraction was performed with the QIAamp Viral
RNA Mini Kit (QIAGEN) or the MagMAX CORE Nucleic Acid
Purification Kit (Thermo Fisher Scientific). For tissues, the Wizard
SV Genomic DNA Purification System (Promega) was used instead.
Extracted samples were screened for the presence of herpesvirus
DNA via a nested pan-herpesvirus polymerase chain reaction
(UHPCR) assay, which targets a conserved region of the DNA poly-
merase (DPOL) catalytic subunit, UL30.

5 Successful amplification of
second-round products of the expected size (~200 bp) was deter-
mined by electrophoresis on 2% w/v agarose gel stained with SYBR
Safe (Thermo Fisher Scientific). Amplicons were purified using the
QIAquick PCR Purification Kit (QIAGEN) and a sequencing reac-
tion was performed using BigDye Terminator v3.1 (Thermo Fisher
Scientific). Sequencing reactions were submitted to the Australian
Genome Research Facility, Melbourne, for Sanger sequencing. Man-
ufacturers’ protocols were followed in each case.

The DNA sequences generated in this study were queried using
BLASTp in GenBank (National Center for Biotechnology Informa-
tion)6 to find the closest available sequences in the database. In addi-
tion, published DPOL sequences not available in GenBank (due to
their <200 bp size) were also included in the analysis.1, 3, 7–9

*Corresponding author.
Asia Pacific Centre for Animal Health, Department of Veterinary Biosciences, Faculty
of Veterinary and Agricultural Sciences, The University of Melbourne, Melbourne,
Victoria, Australia; carolah@unimelb.edu.au

WILDLIFE & ZOOS

AUSTRALIA’S
PREMIER VETERINARY

SCIENCE TEXT

W
IL
D
LI
FE

&
ZO

O
S

Australian Veterinary Journal Volume 100 No 11, November 2022 © 2022 The Authors. Australian Veterinary Journal published by John Wiley & Sons Australia,
Ltd on behalf of Australian Veterinary Association.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium,
provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

562

https://orcid.org/0000-0002-5623-9542
https://orcid.org/0000-0003-0400-9670
https://orcid.org/0000-0001-6174-7341
https://orcid.org/0000-0001-6877-7383
mailto:carolah@unimelb.edu.au
http://creativecommons.org/licenses/by-nc-nd/4.0/


Nucleotide sequences generated in this study were translated and
aligned with trimmed amino acid sequences using Multiple Sequence
Comparison by Log-Expectation10 on default settings in Geneious
Prime 2020.2.3,11 and a maximum-likelihood phylogeny was pro-
duced using the Geneious plugin PhyML, on default settings with
100 bootstrap iterations.12

The UHPCR survey detected multiple previously known herpesvirus
species (Table 1) in five animal species. Among these, the putative
species macropodid gammaherpesvirus 3 (MaHV-3) was detected for
the first time in a western grey kangaroo (Macropus fuliginosus); a

captive individual of the Kangaroo Island subspecies (M. fuliginosus
fuliginosus; Table 1) with intermittent chronic ocular discharge, sam-
pled in 2021. Prior to this, the eastern grey kangaroo was the only
known host of MaHV-3.13 The two species are partially sympatric,
but it is unknown whether wild western grey kangaroos host this
virus, or whether a case of spill-over within captivity has been encoun-
tered. All swabs collected from the western grey kangaroo (from clo-
aca, nose, oropharynx and a combination of the three) tested positive.

The UHPCR survey also detected two potentially novel herpesviruses.
The DPOL sequences identified in both the yellow-bellied glider sample

Table 1. Universal herpesvirus polymerase chain reaction (UHPCR) results, as determined by gel electrophoresis and nucleotide sequencing

Species sampled Total individual
animals
tested

Positive
individuals

Herpesvirus
detected

Sample type Clinical signs
of disease (n)a

Agile antechinus (Antechinus agilis) 1 0 — Swab —

Brush-tailed phascogale (Phascogale tapoatafa) 2 0 — Swab —

Brush-tailed rock wallaby (Petrogale penicillata) 5 0 — Spleen —

Common brushtail possum (Trichosurus volpecula) 48 0 — Swab and spleen 2

Common ringtail possum (Pseudochirus peregrinus) 67 0 — Swab and spleen 2

Common wombat (Vombatus ursinus) 2 1 VoHV-2 Swab —

Eastern barred bandicoot (Perameles gunii) 2 0 — Swab and buffy coat —

Eastern grey kangaroo (Macropus giganteus) 52 13 MaHV-3 (n = 12),
MaHV-4 (n = 1)

Swab 8b

Eastern quoll (Dasyurus viverrinus) 5 5 DaHV-4c Swab —

Greater glider (Petauroides volans) 1 0 — Swab and lung —

Koala (Phascolarctos cinereus) 20 6 PhaHV-1 (n = 3),
PhaHV-2 (n = 3)

Swab 4d

Leadbeater’s possum (Gymnobelideus leadbeateri) 4 2 LPHV Multiple tissues —

Long-nosed potoroo (Potorous tridactylus) 5 0 — Buffy coat —

Northern nail-tail wallaby (Onychogalea unguifera) 1 0 — Swab —

Parma wallaby (Macropus parma) 2 0 — Swab —

Red-necked wallaby (Macropus rufogriseus) 1 0 — Swab —

Platypus (Ornithorhynchus anatinus) 8 0 — Swab and
multiple tissues

1

Short-beaked echidna (Tachyglossus aculeatus) 1 0 — Swab —

Southern brown bandicoot (Isoodon obesulus) 20 0 — Swab —

Southern hairy-nosed wombat (Lasiorhinus latifrons) 1 0 — Liver —

Sugar glider (Petaurus breviceps) 3 0 — Swab —

Swamp wallaby (Wallabia bicolor) 4 0 — Swab and
multiple tissues

—

Western grey kangaroo (Macropus fuliginosis) 1 1 MaHV-3 Swab 1e

Yellow-bellied glider (Petaurus australis) 1 1 YBGHV Buffy coat —

Yellow-footed antechinus (Antechinus flavipes) 1 0 — Swab and
multiple tissues

—

aWhere known.
b 6 of these 8 M. giganteus individuals positive for MaHV-3.
c The two UHPCR-positive samples were identified as DaHV-4 on the basis of High-Resolution Melt only;
d 1 of these 4 P. cinereus individuals positive for PhaHV-2.
eM. fuliginosis individual positive for MaHV-3.
DaHV-4, dasyurid gammaherpesvirus-4; LPHV, Leadbeater’s possum herpesvirus; MaHV-3, macropodid gammaherpesvirus-3; MaHV-4,
macropodid alphaherpesvirus-4; PhaHV-1, Phascolarctid alphaherpesvirus-1; PhaHV-2, phascolarctid gammaherpesvirus-2; VoHV-2, vombatid
gammaherpesvirus-2; YBGHV, yellow-bellied glider herpesvirus.
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and the Leadbetter’s possum samples did not correspond to any highly
similar matches in GenBank or the literature.1, 3, 7–9 The most similar
match for each were all from the subfamily Gammaherpesvirinae. A
phylogenetic tree consisting of the novel sequences, their closest
BLASTp matches, and other representative herpesvirus sequences
from GenBank and published literature (Figure 1), indicates that two
new putative gammaherpesviruses have been identified, herein given
the provisional names ‘yellow-bellied glider gammaherpesvirus’
(YBGHV) and ‘Leadbeater’s possum gammaherpesvirus’ (LPHV).
The top BLASTp match was Peramelid gammaherpesvirus 2
(UAW09503) for both YBGHV (E = 1E-18; 86.4% identity) and
LPHV (E = 3E-15; 63.64%), and the hosts of both belong to the
Petauridae family of marsupials. The Peramelid gammaherpesvirus 2
sequence was detected in a sample from a free ranging Northern
Brown Bandicoot.

Petauridae is one of several families of possums, consisting of three
genera and 11 species, including the yellow-bellied glider (Petaurus
australis) and Leadbeater’s possum (Gymnobelideus leadbeateri).
Yellow-bellied gliders are widely distributed across eastern Australia
and are classified as near threatened by the International Union for
Conservation of Nature.14 In contrast, Leadbeater’s possum is

restricted to old-growth forests of the Central Highlands in Victoria,
Australia, and is classified as critically endangered by the Interna-
tional Union for Conservation of Nature.15 Samples from these spe-
cies tested in this study were from captive animals in Victoria.

Herpesvirus DNA was detected in a buffy coat sample collected from
the yellow-bellied glider in 1996 and stored at �80�C, from which a
133 bp sequence was obtained (Supplementary Material). Herpesvi-
rus DNA from Leadbeater’s possums was detected in samples taken
postmortem from two (of four) individuals in 2020. Specifically, the
liver, lung and spleen of one individual and the spleen (but not liver
or lung) of a second individual, each tested positive with 163 bp of
quality DPOL sequence was obtained from spleen samples (Supple-
mentary Material). Herpesvirus DNA was not detected in the livers,
lungs or spleens of the two other individuals. The UHPCR DPOL
amplicons were sequenced from each of the four positive samples.
All sequences were similar, but only one was of high quality and
used for phylogenetic analysis.

Detection of these novel sequences may be consistent with detection
in their natural host, although spill over from other species cannot
be excluded until more widespread detection in these or other hosts.

Figure 1. Maximum-likelihood phylogeny of the deduced amino acid sequences from the UHPCR DPOL region (36 amino acids), showing the
inferred relationships between the novel yellow-bellied glider herpesvirus (YBGHV), the Leadbeater’s possum herpesvirus (LPHV), their top five
BLAST matches, and other representative alpha- (α), beta- (β) and gammaherpesviruses (γ). Bootstrap values (≥50 of 100 iterations) are shown on
branches, branch lengths indicate phylogenetic distance, and scale bar shows substitutions per amino acid. The small MaHV-2 and -4 branch has a
bootstrap value of 83, which was not possible to clearly indicate in the figure. HHV6, Human betaherpesvirus 6 (AXS63146); HHV7, Human
betaherpesvirus 7 (AAC40752); MaHV-1, Macropodid alphaherpesvirus 1 (AMB16995); MaHV-2, Macropodid alphaherpesvirus 2 (QOD40189); MaHV-3,
Macropodid gammaherpesvirus 3 (ABO61861); MaHV-4, Macropodid alphaherpesvirus 4 (MT707948); MaHV-6, Macropodid gammaherpesvirus 6
(BAU98236); MegabatGHV_1, megabat gammaherpesvirus (BBA93921); MegabatGHV_2, megabat gammaherpesvirus (BBA93902); PeHV-2,
Peramelid gammaherpesvirus 2 (UAW09503); PtHV-3, Pteropodid gammaherpesvirus 3 (UBB58403); RodentHV, rodent herpesvirus (AYU70915);
SuHV-2, Suid betaherpesvirus 2 (ADV78258); SbarRHV-1, Sus barbatus rhadinovirus 1 (AAO46908); VoHV-3, Vombatid gammaherpesvirus 3.1
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The YBGHV and LPHV are the first herpesviruses detected in any
species of possum by molecular methods, and this has enabled the iden-
tification of these as gammaherpesviruses. Herpesvirus-like particles
have previously been detected by transmission electron microscopy of
the intestinal contents from two invasive (non-petaurid) common
brush-tail possums (Trichosurus vulpecula) in New Zealand.16 The iden-
tification of new species of virus in a near threatened and a critically
endangered host has potential conservation significance, and further
research is needed to determine the origin of these viruses and whether
any clear associations with disease may exist. The short sequences
obtained in this study are sufficient for subfamily assignment, but
broader genome sequencing is needed to determine their relationships
with other members of the Gammaherpesvirinae.

Acknowledgments

We thank the following for collection, storage and provision of sam-
ples: J. Amery-Gale (University of Melbourne); the staff of
Boongarry Veterinary Surgery; G. Browning (University of Mel-
bourne); T. Chen (University of Melbourne); the staff of Healesville
Sanctuary Australian Wildlife Health Centre; the staff of Melbourne
Zoo Veterinary Department; A. Tolpinrud (University of Mel-
bourne); and the staff of Werribee Open Range Zoo. We also thank
M. Olaogun (University of Melbourne) for assisting with laboratory
work on samples provided by Boongarry Veterinary Surgery. This
research was supported by the National Taxonomy Research Grant
Program and the Research Training Program. Open access publish-
ing facilitated by The University of Melbourne, as part of the Wiley -
The University of Melbourne agreement via the Council of
Australian University Librarians.

Conflicts of interest and sources of funding

The authors are members of the same faculty and university as some
members of the editorial board (Faculty of Veterinary and Agricul-
tural Sciences, The University of Melbourne).

References

1. Stalder K, Vaz PK, Gilkerson JR et al. Prevalence and clinical significance of
herpesvirus infection in populations of Australian marsupials. PLoS One 2015;
10:e0133807. https://doi.org/10.1371/journal.pone.0133807.

2. Finnie EP, Littlejohns IR, Acland HM. Letter: mortalities in parma wallabies
(Macropus parma) associated with probable herpesvirus. Aust Vet J 1976;52:294.
3. Shima AL, Vaz PK, Johnson L et al. Herpesvirus infection in Lumholtz’s tree-
kangaroo (Dendrolagus lumholtzi). J Wildl Dis 2020;56:912–917. https://doi.org/
10.7589/2019-07-184.
4. Tolpinrud A, Firestone SM, Diaz-Méndez A et al. Serological evidence for the
presence of wobbly possum disease virus in Australia. PLoS One 2020;15:
e0237091.
5. VanDevanter DR, Warrener P, Bennett L et al. Detection and analysis of
diverse herpesviral species by consensus primer PCR. J Clin Microbiol 1996;34:
1666–1671.
6. Altschul SF, Gish W, Miller W et al. Basic local alignment search tool. J Mol
Biol 1990;215:403–410.
7. Portas TJ, Evans MJ, Spratt DM et al. Baseline health and disease assessment
of founder eastern quolls (Dasyurus viverrinus) during a conservation transloca-
tion to mainland Australia. J Wildl Dis 2020;56:547–559.
8. Portas TJ, Fletcher D, Spratt DM et al. Health evaluation of free-ranging east-
ern bettongs (Bettongia gaimardi) during translocation for reintroduction in
Australia. J Wildl Dis 2014;50:210–233.
9. Besier AS, Mahony TJ, Crockford M et al. Alphaherpesvirus-associated dis-
ease in greater bilbies (Macrotis lagotis). Aust Vet J 2016;94:208–212. https://doi.
org/10.1111/avj.12447.
10. Edgar RC. MUSCLE: multiple sequence alignment with high accuracy and
high throughput. Nucleic Acids Res 2004;32:1792–1797.
11. Kearse M, Moir R, Wilson A et al. Geneious basic: an integrated and extend-
able desktop software platform for the organization and analysis of sequence
data. Bioinformatics 2012;28:1647–1649.
12. Guindon S, Dufayard JF, Lefort V et al. New algorithms and methods to esti-
mate maximum-likelihood phylogenies: assessing the performance of PhyML
3.0. Syst Biol 2010;59:307–321.
13. Wilcox R, Vaz PK, Ficorilli NP et al. Gammaherpesvirus infection in a free-
ranging eastern grey kangaroo (Macropus giganteus). Aust Vet J 2011;89:55–57.
https://doi.org/10.1111/j.1751-0813.2010.00662.x.
14. Woinarski J, Burbidge AA, Johnsosn CN. Petaurus australis. The IUCN Red
List of Threatened Species 2016: e. T16730A21959641. https://doi.org/10.2305/
IUCN.UK.2016-1.RLTS.T16730A21959641.en.
15. Woinarski J, Burbidge AA. Gymnobelideus leadbeateri. The IUCN Red List of
Threatened Species 2016: e.T9564A21959976. https://doi.org/10.2305/IUCN.UK.
2016-1.RLTS.T9564A21959976.en.
16. Rice M, Wilks CR. Virus and virus-like particles observed in the intestinal
contents of the possum, Trichosurus vulpecula. Arch Virol 1996;141:945–950.

Supporting information

Additional Supporting Information may be found in the online ver-
sion of this article at the publisher’s web-site: http://onlinelibrary.
wiley.com/doi/10.1111/avj.13202/suppinfo.

Appendix S1. Supporting information.

(Accepted for publication 8 August 2022)

WILDLIFE & ZOOS

W
IL
D
LI
FE

&
ZO

O
S

© 2022 The Authors. Australian Veterinary Journal published by John Wiley & Sons Australia,
Ltd on behalf of Australian Veterinary Association.

Australian Veterinary Journal Volume 100 No 11, November 2022 565

https://doi.org/10.1371/journal.pone.0133807
https://doi.org/10.7589/2019-07-184
https://doi.org/10.7589/2019-07-184
https://doi.org/10.1111/avj.12447
https://doi.org/10.1111/avj.12447
https://doi.org/10.1111/j.1751-0813.2010.00662.x
https://doi.org/10.2305/IUCN.UK.2016-1.RLTS.T16730A21959641.en
https://doi.org/10.2305/IUCN.UK.2016-1.RLTS.T16730A21959641.en
https://doi.org/10.2305/IUCN.UK.2016-1.RLTS.T9564A21959976.en
https://doi.org/10.2305/IUCN.UK.2016-1.RLTS.T9564A21959976.en
http://onlinelibrary.wiley.com/doi/10.1111/avj.13202/suppinfo
http://onlinelibrary.wiley.com/doi/10.1111/avj.13202/suppinfo

	 Molecular detection of two new putative species of gammaherpesvirus in petaurid possums
	Acknowledgments
	Conflicts of interest and sources of funding
	References


