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Summary 

A novel Gammaretrovirus, named Koala retrovirus (KoRV) was identified in koalas in 2000. Subsequent testing has shown that 

KoRV appears to be widespread throughout the wild koala population in Australia. KoRV is apparently unique in that it is the only known 

example of an exogenous retrovirus which is actively undergoing the process of endogenisation. While there is cUlTently little direct 

evidence that KoRV causes oveli disease in koalas, it is possible or even likely that KoRV infection plays a significant role in the 

pathogenesis of various neoplasms and a variety of immunosuppressive disorders which are commonly diagnosed in koalas. It appears 

that KoRV may have arisen through the cross species transmission of a closely related retrovirus in a native Australian rodent, the 

grassland melomys. Both of these viruses are closely related to a third retrovirus, Gibbon ape leukaemia virus (GALV). GALV was first 

isolated in the late 1960's from captive gibbons in Thailand that were suffering ii-om leukaemia. To date, the source of GAL V remains 

unknown. 
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Introduction 

Retroviruses are single-stranded RNA viruses which are unique 

in that they use their RNA genome as a template to synthesize a 

cDNA copy through the action of a novel enzyme, reverse tran­

scriptase. After this viral DNA has been synthesised, it is inserted 

into the hosts' genome through the action of a second viral pro­

tein, integrase1
,2) (Fig. 1). This integrated fonn of the viral ge­

nome is referred to as proviral DNA. If such an integration pro­

cess occurs in a germ line cell (spenn or ova), then the provirus 

may be passed down vertically to future offspring via Mendellian 

inheritance. In this case the retrovirus is tenned endogenous)). 

Retroviruses that are infectious and spread horizontally are 

tenned exogenous. Endogenous retroviruses are widespread 

throughout vertebrate hosts, and many appear to be viral "fossils" 
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that are remnants of ancient infections which occurred millions of 

years ag04
). Retroviruses have been shown to cause a range of 

diseases in their hosts, including neoplasia, central nervous sys­

tem and immunosuppressive disorders5
-

7
). 

Identification of Koala retrovirus 

It has long been known that koalas are patiicularly susceptible 

to a range of disease conditions including chlamydiosis and vari­

ous neoplastic diseases, particularly lymphoid tumours1
I-l3). This 

led to the speculation that a retrovirus may play a role in the 

pathogenesis ofthese conditionsI4
). In 1999 a partial sequence of 

a koala retrovirus was published1sl, and in the following year the 

full sequence was published. The virus was named Koala retro­

virus (KoRV)16). 

Prevalence of KoRV. 

Based on initial sampling, KoRV was found to be widespread 

in wild koalas. Animals tested in Queensland and New South 

Wales were all shown to harbour the provirus, while those from 

mainland Victoria and from introduced populations on islands off 

the Victorian coast had a lower prevalence. Twenty-six koalas 
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Fig. 1 Schematic depicting reverse transcription and inte­

gration. Adapted froms-IO
) 

Fig. 2 Prevalence of KoRV provirus in wild koalas in 

Australia 

from Kangaroo Island, off the coast of South Australia, were 

KoRV provirus-free I 7). A later study which screened a larger 

number of animals on this island found about 15% of koalas were 

KoRV provirus positive (unpublished observations; Fig. 2). This 

may have been due to differences in sample size or possibly to the 

recent spread of the virus through the Kangaroo Island popula­

tion. 

Koalas housed in overseas zoos have also been shown to be 

KoRV-positive. All five koalas tested at Kobe Municipal Oji Zoo, 

Japan were found to be KoRV-provirus positive, and lymphocytes 

from these koalas yielded infectious virions when co-cultured 

with human embryonic kidney (HEK) 293T cells IS). In addition, 

mitogen stimulated peripheral blood mononuclear cells isolated 

from a healthy male koala housed at Duisburg Zoo, Germany pro­

duced infectious KoRV. 

The role of KoRV in disease. 

Koalas, alone among Australian wildlife, appear to be prone to 

high levels of oppoltunistic infections such as chlamydiosis and 

to various neoplastic diseases. As noted above, this initially led 

to the suggestion that a retrovirus may have some role in the 

pathogenesis of these diseases. The identification of KoRV inten­

sified this speculation, although to date little has been published 

on the link between KoRV and disease in koalas. There is anec­

dotal evidence that southel11 koala populations, which have a 

lower prevalence of KoRV, also have a much lower incidence of 

chlamydiosis and neoplasia (1ohnnson, G pers.comm). High lev­

els of KoRV viraemia (viral RNA) in captive koalas have been 

shown to cOlTelate with a significantly higher incidence of lym­

phoid tumours. This study also demonstrated an increased inci­

dence of chlamydiosis in koalas with high viral RNA loads, al­

though the result was not statistically significanfO). 

KoRV : endogenous or exogenous 

F or many known endogenous retroviruses, the initial endogeni­

sation event occulTed many thousands or millions of years ago. 

Once the provirus is fixed in the host organism's genome, it may 

become subject to genetic change over time via the acquisition of 

mutations and deletions. Eventually these changes lead to fatal 

elTors in the proviral sequence which renders it incapable of pro­

ducing intact virions. The provirus thus degrades into so-called 

"junk" DNA, which tends to become fixed at specific loci within 

the species' genome4
•

21
). The situation with KoRV is different in 

that it appears to be an actively replicating exogenous virus which 

is currently undergoing the process of endogenisation, at least in 

some populations. 

Evidence for this comes from Southern hybridisation analysis 

of DNA from related individuals from Queensland, as well as 

DNA from different tissues from the same animal. Related indi­

viduals show banding patterns that suggest they have acquired 

their proviral insertions from both parents, i.e. in a Mendelian 

fashion. Banding pattel11s from different tissues in the same ani­

mal give an identical pattel11, suggesting that the proviral inser­

tions were acquired at the time of fertilisation. In addition, band­

ing pattel11s between different individuals are unique, indicating 

there has not been sufficient time for the provirus to become fixed 

in the koala genome. Thus it appears that KoRV has recently 

endogenised its host' 7
). 

However, KoRV is also an actively replicating infectious virus. 

It has been cultured from koala peripheral blood mononuclear 

cells (PBMes), and is able to produce active infection in Wi star 

rats I9
). Thus, this is the only currently known example of an in­

fectious retrovirus undergoing endogenisation in real time '6. '9). 

Transmission and spread of KoRV 

By definition, an endogenous retrovirus is spread vertically 

through simple Mendelian inheritance, and this then is one way 

KoRV must be transmitted, at least in some animals. However 

KoRV is also an infectious virus and presumably must be trans-
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mitted horizontally. Currently little is known about these mecha­

nisms. Our group has been able to demonstrate the transmission 

of KoRV in vitro from infected blood to an artificial feeding me­

dium using the paralysis tick (hades holocyclus). While an inter­

esting finding, this mechanism is unlikely to be a major route for 

the mechanical transmission of the VilUS (unpublished observa­

tions ). 

However several biting arthropods have been implicated in the 

mechanical transmission of other retrovilUses, including Feline 

leukaemia virus, Jembrana disease virus and Equine infectious 

anaemia virus22
-

24
). Koalas are a relatively sedentary species and 

are usually solitary except during the breeding season25). There is 

therefore little direct interaction between individuals that might 

allow the spread of KoRV between animals. Thus a mechanical 

vector such as a biting arthropod might play an impoliant role in 

the horizontal spread of KoRY. High levels of KoRV viral RNA 

(up to lOll copies! ml plasma) have been detected in some ani­

mals20
). If these high viral RNA levels represent a corresponding 

high titre of infectious virions, it is feasible that a small volume of 

KoRV-positive blood on the mouthparts of a biting mihropod may 

be able to transfer an infectious dose to an un infected koala. 

Viral RNA has been detected in milk and semen from infected 

animals by our group (unpublished ob·servations). However the 

significance of this finding in relation the transmission of KoRV 

remains to be detennined. 

The link between KoRV and Gibbon ape leukaemia virus. 

When the complete sequence of the KoRV genome was deter­

mined it was found that it shares a very close homology with 

Gibbon ape leukaemia virus (GALV) genome I6). GALV is a 

Gammaretrovirus which has been implicated in an outbreak of 

leukaemia in white handed gibbons (Hyfobates far), which were 

housed at the SEATO medical research facility in Bangkok in the 

late I 960'S26.27). Subsequent to this initial outbreak, several other 

strains of GALV have been isolated from captive gibbons and 

other sub human primates in the US and Bennuda28.29). KoRV 

and GALV are so closely related that it seems almost certain that 

these two vilUses share a common ancestor, and that there has 

been a cross species transmission between koalas and white hand­

ed gibbons I6.21 ). This then raises the question of how this species 

jump has OCCUlTed given the phylogenetic ally distinct relation­

ship of the host species and their geographical separation. 

Both KoRV and GALV are related to the murine leukaemia 

vilUses l51, and it would appear that at least one rodent species has 

contributed to this cross species transmission. Another Gamma­

retrovirus sequence with very close homology to both KoRV and 

GALV has been detected in DNA from the grassland melomys, 

(Melomys burtoni) (unpublished observations). The grassland 

melomys is a native Australian rodent which inhabits the dry 

sclerophyll forests from approximately Darwin in the nOlih, ex­

tending down the east coast of Australia to about Sydney. The 

same or a closely related species also occurs in areas of Papua 

New Guinea30.)I) Thus its distribution overlaps with that of koalas 

for a significant part of its range. 

Given the very close homology between KoRV and the melo­

mys retrovilUs and the fact that koalas and grassland melomys 

may be found in the same habitat, it is possible that there has been 

a species jump between the grassland melomys and koalas by this 

retrovilUs. Whether the spread was from koalas to melomys or 

vice versa is not known. It is also not known whether the melo­

mys VilUS is endogenous or exogenous, or perhaps both, as is the 

case with KoRY. However the sequence isolated from melomys 

DNA contains intact open reading frames, which suggests that it 

is exogenous or perhaps only recently endogenised. 

While the melomys retrovilUs is the possible origin ofKoRV, it 

does not explain the presence of GAL V in the captive gibbons in 

Bangkok in the late 1960's. While the source of GAL V remains 

unknown, it ispossible that another vertebrate host, possibly a ro­

dent, was the vector which introduced the VilUS to the gibbons. 

This hypothesis requires the agency of a rodent other than the 

grassland melomys, since this species does not occur in south east 

Asia. 

In the 1970's, retrovilUses isolated from Asian feral mouse 

(Mus caroli), and another Asian rodent, Vandelellria oleracea, 

were shown to be antigenically similar to GALY. This led to the 

suggestion that the GALV outbreak had occurred through cross 

species transmission from rodents to gibbons32-34). However, 

comparison of the genetic sequences of these rodent vilUses has 

demonstrated that they are not sufficiently closely related to 

GAL V for this to be a reasonable hypothesis35). 

Discussion 

Since the isolation and sequencing of KoRV in 2000 it has be­

come apparent that this retrovilUs is widespread throughout wild 

koalas in Australia. Existing evidence is that the VilUS may have 

first entered the koala popUlation only in the past 200 years or 

even more recently21) and has become widespread except in some 

southern populations. 

While there is more research required, the apparent high preva­

lence of the VilUS throughout significant areas of wild koala popu­

lations is a cause for real concem. As yet there has been little 

direct evidence that KoRV is a cause of disease in koalas, al­

though one study has shown a positive cOITelation between levels 

of KoRV viraemia and the incidence of neoplastic disease in cap­

tive koalas. 

However the high prevalence of celiain diseases in koala popu­

lations that also have a high prevalence of KoRV-positive animals 

is suggestive that KoRV may play an impOliant role in the patho­

genesis of these diseases. Immunosuppressive disorders and neo­

plasia have been shown to be caused by Gammaretroviruses in 

other species and GALV, a close relative ofKoRV has been shown 

to be highly oncogenic in gibbons and other sub human primates. 

These diseases appear to be rare in some southern koala popula-
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tions where the prevalence of KoRV is much lower. If it can be 

clearly demonstrated that KoRV plays a direct role in the patho­

genesis of these diseases in koalas then urgent action is warranted 

in order to restrict the spread of the virus and to pursue possible 

therapeutic andlor prophylactic strategies for KoRV-positive ani­

mals. 

While the source of GALV probably does not impact directly 

on koala biology it remains an intriguing mystery in the field of 

retrovirology and is clearly related in some way to the origins of 

KoRY. Further work should be done, particularly screening of 

DNA from rodents endemic to Thailand in order to determine if 

the source of the GALV outbreak can be found. 

KoRV is unique in that it apparently exists both as an exoge­

nous and endogenous virus in some koalas. While the spread of 

an endogenous virus is veliical, the mechanisms by which KoRV 

is transmitted horizontally remain to be determined. Biting ar­

thropods are possibly involved and may be a significant mecha­

nism for transmission. This is important where there are popula­

tions of both KoRV-positive and KoRV-negative koalas living in 

close proximity. 

The koala is an iconic member of Australia's unique fauna, and 

has suffered significant reduction in both its numbers and habitat 

since the advent of European settlement of Australia. The appar­

ent recent introduction and spread of a potentially pathogenic ret­

rovirus raises significant questions about the long term viability 

of koalas in the wild, and warrants significant additional research 

in this field. 
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