
JOURNAL OF VIROLOGY, June 2006, p. 5651–5654 Vol. 80, No. 11
0022-538X/06/$08.00�0 doi:10.1128/JVI.02597-05
Copyright © 2006, American Society for Microbiology. All Rights Reserved.

Transspecies Transmission of the Endogenous Koala Retrovirus
Uwe Fiebig,1 Manuel Garcia Hartmann,2 Norbert Bannert,1 Reinhard Kurth,1 and Joachim Denner1*

Robert Koch Institute, 13353 Berlin,1 and Zoo Duisburg, 47058 Duisburg,2 Germany

Received 16 December 2005/Accepted 8 March 2006

The koala retrovirus (KoRV) is a gammaretrovirus closely related to the gibbon ape leukemia virus and
induces leukemias and immune deficiencies associated with opportunistic infections, such as chlamydiosis.
Here we characterize a KoRV newly isolated from an animal in a German zoo and show infection of human and
rat cell lines in vitro and of rats in vivo, using immunological and PCR methods for virus detection. The KoRV
transmembrane envelope protein (p15E) was cloned and expressed, and p15E-specific neutralizing antibodies
able to prevent virus infection in vitro were developed. Finally, evidence for immunosuppressive properties of
the KoRV was obtained.

Retroviruses have long been known to be capable of infect-
ing new host species by transspecies transmission; human im-
munodeficiency viruses (HIV) types 1 and 2 are the products of
such a transspecies transmission (12, 13). The koala retrovirus
(KoRV) is an example of a recent transspecies transmission
and endogenization, whereas the closely related gibbon ape
leukemia virus (GaLV) remains exogenous in gibbons. Al-
though both viruses are related to endogenous retroviruses of
South East Asian mice (18), the transmission routes are still
unknown. Koalas in Australia as well as in many zoos suffer
from leukemia (1, 14) and from infections such as chlamydiosis
(2). Since Chlamydia infections are characteristically opportu-
nistic infections commonly associated with retroviral infec-
tions, such as HIV and feline immunodeficiency virus (4, 5, 20),
it is likely that KoRV, as with many other retroviruses, is able
to induce immunosuppression.

A new KoRV isolate was obtained from mitogen-stimulated
peripheral blood mononuclear cells (PBMCs) of a healthy
male animal from the Duisburg Zoo, Duisburg, Germany (des-
ignated KoRV Duisburg-Berlin [KoRVD-B]). This strategy has
been used previously to isolate porcine endogenous retrovi-
ruses (PERVs) from pig PBMCs (24). To study the host range
of KoRV, human 293 kidney cells and the human T lympho-
cyte lines C8166 and CEM, as well as rat and mouse fibroblasts
(rat1 and NIH 3T3, respectively), were used. Provirus integra-
tion was shown by PCR in all cell lines except NIH 3T3 (Fig. 1a),
and the release of infectious virus was shown by the titration of
cell-free supernatant on uninfected 293 (Fig. 1b) or C8166
cells. In addition, virus production was demonstrated by elec-
tron microscopy (Fig. 1c and d). Whereas virus particles pro-
duced after three passages on human 293 cells were charac-
terized by a uniform morphology, particles from a lymphoma
from an animal at the Antwerp Zoo (Fig. 1d) showed pleo-
morphic particles as described previously for the cells of a
leukemic koala (26).

The entire env gene (p15E and gp70) was amplified from the
DNA of the animal from which KoRVD-B was isolated and
sequenced. The sequence revealed an almost perfect match

(substitutions at positions 408 [Arg to His], 459 [Ser to Pro],
and 647 [Arg to Lys]) to the sequence of an Australian animal
described previously (14). When the sequences of the ectodo-
mains of p15E amplified from the DNA of one other healthy
animal and one diseased animal were compared, no differences
were found.

Biochemical and immunological characterizations of KoRVD-B

were performed using virus produced by 293 cells, sodium dode-
cyl sulfate-polyacrylamide gel electrophoresis (for the major viral
proteins, see Fig. 2a), and Western blot analysis with two antisera.
One antiserum was generated by immunizing with the recombi-
nant ectodomain of p15E of KoRV (Fig. 2b), and the other was
specific for p27Gag of PERV (15) and cross-reacted with p27Gag
of KoRV (Fig. 2c). In contrast to murine leukemia viruses
(MuLV), which contain p30Gag, PERV (25) and KoRV (Fig. 2c)
contain a p27Gag.

The p15E-specific antiserum was shown to neutralize KoRV
in a neutralization assay based on the use of 293 cells and
measurement of infection as provirus integration with real-
time PCR. The inhibition of provirus integration by between
60 and 95% was detected at a serum dilution of 1:8 (Fig. 2e).
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TABLE 1. In vivo infection of rats with three different
sources of KoRV

Animal Virus source p15E-specific
Ab detectiona

Provirus
detection onb:

Virus
isolation
on day
42/63cDay 21 Day 63

4 Cell-free supernatant � � � �
5 from KoRV- � � � �
6 infected 293 cells � � � �
7 � � � �

8 Cell-free supernatant � � � �
9 from KoRV- � � � �
10 infected rat1 cells � � � �
11 � � � �

12 KoRV-infected rat1 � � � �
13 cells � � � �
14 � � � �
15 � � � �

a Antibodies (Ab) specific for p15E were detected by Western blot assay.
b Provirus was measured in PBMC by PCR.
c Virus was isolated by incubating plasma and PBMCs from infected rats with

human 293 cells and measuring subsequent provirus integration.
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This strategy may provide the basis for a vaccine preventing
KoRV replication, as described previously for PERV (11) and
feline leukemia virus (FeLV) (16, 17).

As it was possible to productively infect rat cells with KoRV
in vitro (Fig. 1a and b), Wistar rats were inoculated with cell-
free KoRV (grown either on rat1 cells or 293 cells) or with
KoRV-producing rat1 cells. Eleven of 12 animals were positive
for p15E-specific antibodies, and four animals showed high
levels of provirus integration in PBMCs at day 21 (�2.5 � 105

copies/ml whole blood) (Table 1), indicating a productive in-
fection in all 11 animals. The cell-associated virus load de-
creased, however, and 63 days postinoculation, no provirus was

detected in the PBMCs of all inoculated rats. Despite this,
coincubation of cell-free plasma and mitogen-stimulated
PBMCs from these animals with 293 cells yielded infectious
virus (except with rat 14). When organs (spleen, ovary, lymph
node, lung, liver, and kidney) or PBMCs from two rats, 6 and
8, were analyzed for provirus integration on day 70, no KoRV
sequences were detected. Whereas in 11 animals the virus load
decreased after an initial peak, the situation was different for
rat 14, in which KoRV-specific antibodies and provirus in
PBMCs were not detected at days 21 and 63 and no infectious
virus was released from mitogen-triggered PBMCs. However,
200 days after inoculation, rat 14 developed a fibrosarcoma on
its back, and high levels of proviral DNA were detected in the
tumor as well as all organs investigated (spleen, lymph node,
lung, liver, kidney whole blood, and spinal cord), indicating
that, finally, all 12 animals were infected. Further investiga-
tions are needed to clarify whether the KoRV caused this
tumor.

FIG. 1. Infection studies with KoRV. (a) Detection of provirus in
different cell lines before and after infection with KoRV using PCR.
PBMCs from a healthy koala were taken as the positive control. (b)
Fifty percent tissue culture infective dose (TCID50) values (means and
standard deviations) of KoRV produced from different cell lines and
titrated on human 293 cells. (c) Transmission electron microscopy of
KoRV produced by human 293 kidney cells and (d) KoRV particles in
koala lymphoma cells.

FIG. 2. Biochemical and immunological characterization of KoRV.
(a) Sodium dodecyl sulfate-polyacrylamide gel electrophoresis of su-
crose gradient-purified KoRV produced by human 293 cells with Coo-
massie blue staining. (b) Western blot analysis of the same material
using a rat antiserum specific for KoRV p15E that recognized p15E
and the precursor gp85. (c) Western blot analysis of cell lysates from
human 293 cells producing KoRV from (lane 1) human 293 cells
producing PERV and (lane 2) mouse NIH 3T3 cells producing MuLV
and (lane 3) using a goat antiserum specific for PERV p27Gag. (d)
Western blot analyses using recombinant p15E of KoRV as antigens
and sera from three different rats (A, B, C) immunized with recombi-
nant p15E (rp15E) of KoRV. (e) Neutralizing activity of rat sera
(immune sera [IS]) in comparison to that of preimmune sera (PS) at a
dilution of 1:8. Infection was measured as the percentage of provirus
integration using real-time PCR. Results are expressed as means and
standard deviations.

5652 NOTES J. VIROL.



Many retroviruses, including HIV, MuLV, and FeLV, in-
duce immunosuppression in the infected host (7), leading to
opportunistic infections. Although the mechanism of the im-
munopathogenesis of these retroviruses is still unclear, there
are indications that the highly conserved so-called immuno-
suppressive domains of their transmembrane envelope pro-
teins are involved (8). The sequences of the immunosuppres-
sive domains are identical for KoRV, MuLV, and FeLV (3, 7).
Purified viruses, specifically their transmembrane envelope
proteins, as well as synthetic peptides corresponding to immu-
nosuppressive domains of HIV and of FeLV (and therefore
automatically also of KoRV), inhibited lymphocyte prolifera-
tion and modulated cytokine production, e.g., by an increase in
interleukin-10 (IL-10) production (3, 7, 9). When sucrose gra-
dient-purified KoRV produced from 293 cells was incubated
with PBMCs from healthy human blood donors, an increased
production of IL-10 was observed (Fig. 3). Using a cytokine
array, elevated levels of IL-10, growth-related oncogene GRO,
IL-6, and MCP-1 expression were found, while the expression
of 18 other cytokines remained unchanged. Similar changes
have been observed with HIV and FeLV, both of which induce
immunodeficiencies in vivo (7).

This report shows that KoRV, like its nearest relative GaLV,
as well as PERV (23), is able to infect a variety of human cells.
These data confirm recently published findings showing infec-
tion of human, rat, hamster, and bovine cells by KoRV (21). In
contrast to PERV, which does not infect rat cells (22), KoRV
productively infected rat cells in vitro (Fig. 1a and b). However,
both PERV (15) and KoRV (Fig. 1a and b) did not infect
mouse cells, and in the case of PERV, the absence of a specific
receptor was demonstrated (10). Whereas, for lentiviruses, ex-
perimental transspecies transmissions have been reported re-
peatedly (7), this is the first report showing an experimental
transspecies transmission of a gammaretrovirus in vivo. KoRV
infection of rats represents an animal model that allows study

of the efficacies of vaccines, based on neutralizing antibodies
induced by immunization with p15E and gp70 of KoRV, as
well as of antiviral drugs under in vivo conditions.

GaLV, as the nearest relative of KoRV, is an example of a
natural transspecies transmission (18, 19). The fact that gib-
bons and koalas live on different continents suggests that the
zoonosis may have involved an intermediate vector. The trans-
fer probably occurred recently, because the level of sequence
divergency between GaLV and KoRV is similar to that be-
tween two different strains of GaLV, SEATO and SF (6).
Although it has been suggested that GaLV originated from
South East Asian mice, such as Mus caroli (18), it is unlikely
that the KoRV came from the same source in recent times.
The evidence presented here that rats can be infected in vivo
with KoRV may suggest a possible mode of transmission.

Protein structure accession number. The nucleotide sequence
of the entire env gene (p15E and gp70) from the animal from
which KoRVD-B was isolated has been submitted to GenBank
under accession no. DQ174772.

We thank Francis Vercammen, Royal Zoological Society of Antwerp,
for material from diseased koalas and S. Klein, M. Lau, M. Pack, and F.
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