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We have identified the etiological agent of hemorrhagic nephritis enteritis of geese (HNEG), a fatal disease
of European geese. HNEG has been recognized in almost all goose breeding areas, with an epizootic pattern,
and up to now, the infectious agent has remained unknown. In order to identify the causative agent, infected
tissues from HNEG-affected geese were inoculated to 1-day-old goslings, which then developed clinical signs
typical of HNEG. Tissue homogenates from these birds were subjected to Freon extraction followed by sucrose
density gradient ultracentrifugation. The resulting main band was examined by electron microscopy and consist-
ed of spherical, naked, papovavirus-like particles approximately 45 nm in diameter. The virus was isolated and
propagated in goose kidney cell primary culture. Tissue- or culture-purified virus allowed the experimental
reproduction of the disease in goslings. Random PCR amplification of viral nucleic acid produced a 1,175-bp
fragment which was shown to be associated with field samples collected from geese affected by HNEG on com-
mercial farms in France. Sequence analysis of the PCR product revealed a unique open reading frame, showing
63 to 72% amino acid similarity with the major capsid protein (VP1) of several polyomaviruses. Finally, based
on phylogenetic analysis, we conclude that the causative agent of HNEG is closely related to but clearly distinct
from other polyomaviruses; we thus have named this newly identified virus Goose hemorrhagic polyomavirus.

The Papovaviridae family consists of two genera, Papilloma-
virus and Polyomavirus. Polyomaviruses appear as nonenvel-
oped 40- to 50-nm icosahedral virions with a capsid composed
of 72 pentameric capsomers and contain a 4.8- to 5.5-kbp
circular double-stranded DNA. The viral genome is function-
ally divided into two regions on opposite DNA strands, encod-
ing five main proteins: the early region, which codes for large
and small T antigens (multifunctional regulatory proteins), and
the late region, which encodes three structural proteins, VP1,
VP2, and VP3. These viruses are widely distributed among
mammals and birds and are generally species specific (20).
Avian polyomaviruses APVs were first identified in various
psittacine species. The prototype avian polyomavirus is the
budgerigar fledgling disease virus (BFDV) and is responsible
for a fulminating disease in neonate budgerigars (2, 11, 16).
Similar viruses have been isolated from different psittacine
species and from other wild birds, such as finches and falconi-
formes (6, 8, 14).

Since 1969, several outbreaks of a fulminating disease have
been reported in goose flocks in Hungary (1), Germany (18),
and southern France (17, 18, 25). This disease, called hemor-
rhagic nephritis enteritis of geese (HNEG), has spread through
almost all goose breeding areas with an epizootic pattern.

HNEG is characterized by high morbidity and mortality
rates in geese 4 to 10 weeks old. Under field conditions, death
is the most common outcome, generally preceded by coma. Ex-
perimental inoculation of 1-day-old goslings results in 100%
mortality, and a few hours before coma and death, nervous
signs are frequently observed. The necropsic findings are ede-
ma of subcutaneous tissues, gelatinous ascites, inflammation of

the kidneys, and often hemorrhagic enteritis (19). Geese which
recover from HNEG are supposed to be persistently infected
(19). Although HNEG has been quite well characterized at a
clinical level, its agent has remained unknown to date, even if
it is generally admitted to be a virus (17, 18).

In this paper, we present the purification, isolation, and
identification of the HNEG agent. Homogenates of HNEG-
infected tissues purified by sucrose gradient ultracentrifugation
produced a dense visible band. Electron microscopy examina-
tion of this material showed spherical, naked, papovavirus-like
particles approximately 45 nm in diameter. The virus was
adapted to goose kidney primary cells. Concentrated virus
fractions purified either from infected tissue or from culture
allowed us to reproduce the disease in 1-day-old goslings. Us-
ing a random PCR approach, we identified a 1,175-bp frag-
ment in our preparations as well as in several field samples
collected during two distinct HNEG epizootics. After sequenc-
ing of the fragment, a comparison of the deduced amino acid
sequence indicated that this newly identified virus was a nov-
el polyomavirus. We thus propose that the agent of HNEG
should be named Goose hemorrhagic polyomavirus (GHPV).

MATERIALS AND METHODS

Birds. One-day-old goslings were obtained from a local hatchery. Birds were
housed in biocontainement facilities according to the guidelines of the European
Community Council on Animal Care, in wire-floored cages with infrared lamps
for heating, and were provided with feed and water ad libitum. Inoculations were
performed subcutaneously. Birds were monitored daily for clinical signs of
HNEG.

Collection of serum samples and field virus isolates. Serum samples were
obtained from 1-day-old goslings hatched from a commercial breeding stock
formerly affected by HNEG. These goslings were proved HNEG resistant in an
attempt to reproduce the disease, as described below (data not shown). Field
isolates of HNEG virus were derived from clinically affected geese on commer-
cial farms in France. Negative controls consisted of samples collected from
unaffected geese on farms where the disease had never been identified.

Experimental reproduction of HNEG. The liver and spleen of five goslings
naturally dead from HNEG were homogenized at a 1:5 dilution (wt/vol) in buffer
A (10 mM Tris-HCl, 100 mM NaCl, 1 mM EDTA [pH 7.2]), pooled, and clarified
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by centrifugation at 10,000 3 g for 30 min. Penicillin (10,000 IU/ml) and strep-
tomycin (1 mg/ml) were added to the inoculum.

Aliquots (400 ml) of the clarified solution were inoculated subcutaneously to
20 goslings. Ten goslings were mock infected. Goslings of either group were
inspected daily for signs of disease, and birds that either had died or were
sacrificed when moribund were necropsied. Gross lesions were recorded, and
samples of liver, spleen, and kidney were collected and frozen at 280°C. Samples
of different tissues (liver, kidney, spleen, brain, gut, and bursa of Fabricius) were
fixed in 10% neutral buffered formalin and processed for routine histological
examination.

Cells and medium. Goose embryo fibroblast (GEF) and goose kidney cell
(GKC) primary cultures were prepared from 20-day-old embryos and 1-day-old
goslings, respectively. A standard protocol of trypsinization (3 g of Trypsine
[Difco] per liter) was used for cell disaggregation. Cells were grown in Eagle’s
minimal essential medium (Gibco BRL) with 10% fetal calf serum and anti-
biotics (penicillin [100 IU/ml] and streptomycin [100 mg/ml]). Cells were
trypsinized and split every 5 days at a ratio of 1:2.

Virus culture. Early passage GEF and GKC (passage 1 to 5) cultures were
seeded in 25-cm2 flasks and inoculated the following day when the cell mono-
layers were subconfluent. Ten microliters of tissue-derived purified virus (see
below) diluted in 1 ml of culture medium was used as the inoculum. The
inoculum was allowed to adsorb for 2 h, after which it was removed and replaced
by 10 ml of culture medium containing 5% fetal calf serum. Cell cultures were
observed daily for cytopathic effect (CPE). Flasks were frozen 7 to 10 days
postinoculation (dpi), and the viral inoculum for the next passage was a crude
lysate prepared by three consecutive freeze-thaw cycles and vigorous shaking.

Virus concentration and purification. Spleen, liver, and kidney specimens
collected during experimental reproduction of the disease were pooled, homog-
enized in buffer A, and clarified as described above. The method used for virus
sucrose gradient purification was derived from that described for the purification
of rubella virus (24). Briefly, the suspension was centrifuged at 10,000 3 g for 30
min. The supernatant was collected and purified twice by homogenization with
trichlorotrifluoroethane (Freon) in order to eliminate lipids. Sucrose solutions
used in the next steps of purification were prepared in buffer A. Supernatant was
layered onto a 30% (wt/wt) sucrose cushion and ultracentrifuged. The pellet was
resuspended in buffer A, layered onto a 25-to-60% discontinuous sucrose gra-
dient, and then subjected to isopycnic ultracentrifugation at 120,000 3 g for 16 h.
After centrifugation, a dense visible band was collected, and an aliquot was kept
for viral buoyant density determination by refractometry. Finally, the band was
diluted 1:3 in buffer A and centrifuged at 120,000 3 g for 2 h, and the pellet was
resuspended in 200 ml of water.

After viral production in GKCs, GHPV purification was carried out with a
modified protocol. Three 225-cm2 flasks of 1-day-old GKCs were inoculated with
a lysate of the fourth passage of the virus on cell culture. At 8 dpi, the medium
was collected and cell monolayers were disrupted by three freeze-thaw cycles in
20 ml of buffer B (10 mM Tris-HCl, 50 mM NaCl, 0.01 mM CaCl2, 0.5%
desoxycholate, 1% Triton X-100 [pH 7.2]) and vigorous shaking. The medium
and cell lysate were pooled and centrifuged at 10,000 3 g for 30 min. The
supernatant was collected, and pellets were reextracted two more times in 10
ml of buffer B. Extraction supernatants were pooled and ultracentrifuged at
100,000 3 g for 2 h. The resulting pellets were resuspended in 30 ml of buffer C
(10 mM Tris-HCl, 50 mM NaCl, 0.01 mM CaCl2, 0.01% Triton X-100 [pH 7.2])
and subjected to a sucrose cushion followed by a sucrose gradient as described
above, with buffer C replacing A.

Indirect immunofluorescence assays. Cells were grown on tissue culture-
treated glass slides (Falcon), fixed, and permeabilized in acetone-ethanol (1:1) at
220°C for at least 2 h. GHPV antigens were detected with the serum of 1-day-old
goslings hatched from HNEG-infected breeders. Fluorescein isothiocyanate-
conjugated rabbit anti-duck immunoglobulins (Nordic Immunological Labora-
tories) were used as secondary antibodies.

Electron microscopy. In order to observe viral particles in situ, infected cells
were trypsinized, fixed with 2% glutaraldehyde in 0.2 M Sorensen phosphate
buffer (pH 7.4) on ice for 1 h, and then postfixed with 1% osmium tetroxide in
333 mM saccharose and 66 mM Sorensen buffer (pH 7.4). After dehydration,
cells were embedded in Embed 812 (Electron Microscopy Sciences) according to
current commercial protocols. Finally, cells were sliced into 70-nm-thick sections
prior to staining with 5% uranyl acetate (20 min) and 0.3% lead citrate (10 min).

Purified viral particles were negatively stained as follows: 10 ml of purified
fractions was allowed to adsorb on Formvar-coated copper grids stabilized with
evaporated carbon (300 mesh; Electron Microscopy Sciences) for 1 min; excess
liquid was removed, and the grids were negatively stained with 2% phospho-
tungstic acid for 30 s to 1 min and finally dried on a filter paper. Examinations
were carried out on a transmission electronic Hitachi HU-12A microscope at an
accelerating voltage of 75 kV.

Nucleic acid extraction and DNA amplification. Viral DNA was extracted
from tissue or purified viral particles with a High Pure PCR template preparation
kit (Roche Diagnostic). DNA amplifications were carried out in a GeneAmp
PCR System 2400 thermal cycler (Perkin-Elmer) in a volume of 20 ml with 1 U
of recombinant Taq DNA polymerase (Gibco BRL). A first random PCR was
performed using 10-mer random primers (Pharmacia) at a low stringency (2.5
mM MgCl2) for 5 min at 94°C; 40 cycles of 30 s at 94°C, 30 s at 45°C, and 30 s
at 72°C; and a final elongation step of 5 min at 72°C. PCR products were cloned

in a pGEMT phagemid vector (Promega Corp.) and sequenced (Genome Ex-
press, Grenoble, France). A first sequence analysis led us to choose a 244-bp
fragment sharing homology with the polyomavirus VP1 sequence, in which we
have designed a set of primers (VP1F, 59-GAGGTTGTTGGAGTGACCACA
ATG-39; VP1R, 59-ACAACCCTGCAATTCCAAGGGTTC-39) to specifically
amplify a 144-bp fragment in the open reading frame believed to code for the
GHPV VP1 protein. The specific amplification was carried out at a high strin-
gency (1 mM MgCl2) for 5 min at 94°C; 35 cycles of 30 s at 94°C, 30 s at 60°C,
and 30 s at 72°C; and a final elongation step of 5 min at 72°C. A second round
of amplification at a low stringency was carried out using 10-mers as random
primers mixed either with VP1F or VP1R in order to walk on the GHPV
genome. Finally a 1,175-bp fragment encoding the complete GHPV VP1 was
cloned and sequenced.

Phylogenetic analysis. The GHPV VP1 coding sequence (1,062 bp) was com-
pared to those from other polyomaviruses using the multiple sequence alignment
software CLUSTAL W, version 1.7 (23). The subsequent phylogenetic analysis of
the VP1 sequences was performed using the PHYLIP programs NEIGHBOR,
DNApars, and DNAml from the PHYLIP package, version 3.752c (4). Neighbor-
joining, parsimony, and maximum-likelihood methods gave similar results. In
order to ascertain the robustness of the constructed trees, bootstrapping was
done to generate 1,000 resamplings of the original data.

Nucleotide sequence accession number. The 1,175-bp GHPV nucleotide se-
quence and the deduced complete VP1 amino acid sequence have been depos-
ited in GenBank under accession no. AF226991.

RESULTS

Experimental reproduction of HNEG. In order to reproduce
the disease and obtain enough working stock with which to
establish purification, virus was propagated in goslings. Crude
liver and spleen extracts from five goslings naturally dead from
HNEG were used as inoculum. The 20 HNEG-inoculated
1-day-old goslings died within 8 dpi (Table 1). Clinical and
postmortem signs matched those described in field cases (10):
gelatinous ascites, edema, and swollen kidneys were observed
in all birds, and hemorrhagic enteritis was recorded in 16
goslings. Histologic analysis showed classical lesions associated
with HNEG (1, 19). Typical lesions seen in all birds were found
in the bursa of Fabricius: moderate to severe lympholysis was
seen in cortical and medular regions of bursal follicles (Fig. 1).
The spleens, livers, and kidneys of dead birds were collected
for virus purification.

Purification of HNEG virus. The purification process was
derived from those described elsewhere (24). At the equilib-
rium, the isopycnic gradient yielded a main visible band in
sucrose with a buoyant density of 1.20 g/cm3 as determined by
refractometry. Concentrated virus fractions purified either
from infected tissue or from cell cultures were tested for in-
fectivity. Twenty goslings were inoculated with each fraction,
and 9 goslings were inoculated with a heat-treated (55°C for

TABLE 1. Experimental reproduction of HNEG

Inoculum (400 ml) Total no.
of goslings

No. of surviving
goslings at:

8 dpi 21 dpi

Control crude extracta 10 10 10
GKC lysateb 10 10 10
HNEG crude extractc 20 0 0
Tissue-purified virusd 20 0 0
Culture-purified virusd 20 0 0
Heat-treated viruse 9 0 0

a Organs from control geese homogeneized in buffer A, and clarified by cen-
trifugation at 10,000 3 g for 30 min.

b Lysate of 6-day-old GKCs prepared by three consecutive freeze-thaw cycles
and vigorous shaking.

c Homogenized HNEG-infected organs in buffer A, clarified by centrifugation
at 10,000 3 g for 30 min.

d Purified virus (10 ml) diluted in 400 ml of culture medium.
e Purified virus (10 ml) diluted in 400 ml of culture medium and heat treated at

55°C for 1 h.
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1 h) culture-purified viral fraction in order to test the thermal
resistance of the virus. The infectivity was confirmed; actually,
the 69 inoculated goslings died in the week following inocula-
tion and presented the typical signs of HNEG infection,
whereas no clinical signs or pathological changes were seen in
control birds during the 3-week period of observation (Table
1). Furthermore, the virions seem to be heat resistant, since
goslings inoculated with the heat-treated fraction also died in
the week postinoculation.

Cell culture and virus isolation. The first attempts to adapt
the HNEG virus to a cell culture system such as duck fibro-
blasts or duck embryos were unsuccessful (A. Vuillaume, un-
published data). Therefore, we decided to develop culture
systems derived from two goose cell types, GEF and GKC.
Early passages of GEFs and GKCs (passage 1 to 5) were used
in order to isolate the virus. We attempted to adapt the virus
to GEFs, but even after five passages we could not detect any
CPE, and lysates from the last passage were uninfectious in
goslings (data not shown). During the first passage on GKCs,
a very mild effect was observed at 7 dpi, and the CPE became
more distinct in the following days, with a maximum around 10
to 12 dpi. The cytopathic alterations consisted of granulations
and vesicles in the cytoplasm, budding of the cell, and finally
cell detachment from the monolayer. One of the more typical
features was an aggregation of detached cells, vesicles, and
other fragments, in a formation like a bunch of grapes, weakly
attached to the monolayer. Through the next passages the CPE
became more distinct and at the fifth passage, the first sign of
viral replication could be detected 3 dpi; a maximal CPE was
detected 7 to 10 dpi. GKCs were still susceptible at passage 30.

Indirect immunofluorescence analysis. In order to investi-
gate the subcellular localization of viral antigens, 5-dpi GHPV-
infected GKCs were fixed and stained by immunofluorescence
with serum from 1-day-old HNEG-resistant goslings. Micro-
scopic examination showed the presence of viral antigens al-
most exclusively in the nucleus (Fig. 2A). In contrast, mock-
infected cells showed no significant staining (Fig. 2B).

Observation of virus particles by electron microscopy. To
study the morphology of the isolated virions, purified virus
preparations were analyzed by electron microscopy after neg-
ative staining. Examination of tissue- or culture-purified virus
preparations revealed spherical, naked particles approximately
45 nm in diameter that resembled the Papovaviridae in struc-
ture and size (5, 7, 12, 20, 21). A typical picture of virions
purified from infected tissues is presented in Fig. 3A.

Subcellular localization of the virus particles was determined
by in situ examination of GHPV-infected GKCs at 5 dpi that
were fixed, embedded in resin, sliced into thin sections, and
finally positively stained with uranyl acetate and lead citrate.
Preparation analysis revealed the presence of large vesicles of
dense material, including an optically clear center in the cyto-
plasm of infected cells (Fig. 3B). This feature, observed in
about 20% of the cells, was always associated with papovavirus-
like particles in the nucleus (Fig. 3C). Such vacuoles or parti-
cles were not observed in mock-infected cells.

Amplification of viral nucleic acid. Nucleic acids extracted
from purified particles were amplified by PCR to identify the
virus at a molecular level. Initial results, especially electron
microscopy, suggested that the HNEG agent could be papova-
virus-like. In a first experiment, we failed to amplify the viral
nucleic acid with a set of primers developed for the detection
of avian polyomavirus (13). Thus, we used a random amplifi-
cation approach, which led us to produce a 1,175-bp fragment.
This PCR product was cloned, and sequence analysis showed a
unique open reading frame.

A set of internal specific primers (VP1F and VP1R) was
designed. PCR performed with these primers on nucleic acids
extracted from purified virus showed that this sequence was
strictly associated with tissue- or culture-purified virus (Fig. 4,
lanes 1 to 4). Furthermore, PCR performed on various field
isolates collected during different epizootics showed that all
geese that died of HNEG were positive for this sequence (Fig.
4, lanes 5 to 8), and no amplification was obtained with control,

FIG. 1. Photomicrograph of bursa of Fabricius with hematoxylin-eosin staining. The follicle with depleted center and severe cortical lympholysis associated with a
light histiocytic infiltration can be seen. Magnification, 3170.
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uninfected geese from farms where the disease had never been
described (Fig. 4, lane 2).

Sequence analysis. The 353-amino-acid sequence deduced
from the large open reading frame of the 1,175-bp GHPV
genome fragment was first analyzed by consulting the Gen-
Bank database and showed between 50 and 59% identity and

63 to 72% similarity with the VP1 sequences of eight different
polyomaviruses (data not shown). In order to highlight the
common features between GHPV and polyomaviruses, VP1
sequences were aligned (Fig. 5). The GHPV VP1 presents
typical amino acid blocks (Fig. 5, blocks I to VI) conserved in
all members of the genus. Furthermore, isolated amino acids

FIG. 2. Immunofluorescence assays. (A) Dense fluorescent bodies in the nucleus of GHPV-infected GKCs revealing the presence of viral antigens. (B) Mock-
infected cells. Magnification, 3400.

FIG. 3. Electron microscopic examination of GHPV. (A) Negatively stained micrograph of purified particles from isopycnic gradient visible band. Shown are naked
virion particles 45 nm in diameter (bar 5 100 nm). (B) Electron micrograph of GHPV-infected GKCs containing virus particles in the nucleus (N) and large vesicles
(V) in the cytoplasm (bar 5 400 nm). (C) Polyomavirus-like particles in the nucleus (bar 5 100 nm).
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conserved among different polyomaviruses, such as P12, G51,
S53, Y161, Q186, K193, and L196 (Fig. 5, characters in bold-
face type) were also present in the GHPV.

Phylogenetic analysis. The sequence analysis strongly sug-
gests that the GHPV is a novel member of the Polyomavirus

genus. In order to examine the relationships between GHPV
and polyomaviruses, we carried out a phylogenetic analysis on
the nucleic acid sequence of the GHPV VP1 and those of eight
polyomaviruses. Dendrograms were constructed using neigh-
bor-joining, parsimony, or maximum-likelihood methods, all of
which gave similar results. The unrooted dendrogram pre-
sented in Fig. 6 shows that GHPV is not a variant of the APV
BFDV and indicates that the newly identified virus is a novel
member of the Polyomavirus genus.

DISCUSSION

Our attempts to isolate the agent of HNEG led to the dis-
covery, using electron microscopy and sequence analysis, of a
novel virus belonging to the genus Polyomavirus, which we
hence named GHPV.

The successful reproduction of HNEG with purified parti-
cles isolated from HNEG-infected goslings suggests that these
virions have a causal relationship to this disease. The infectivity
of the heat-treated fraction indicates a thermal resistance of
the agent, a characteristic of the Papovaviridae (12). The pu-
rified virions were shown to be 45 nm in diameter, naked, with
a buoyant density in sucrose of 1.20 g z cm23, which matched
with physical properties of the Papovaviridae (12), and thus
were identified as papovavirus-like. HNEG virus was efficiently

FIG. 4. PCR detection of viral DNA. The set of primers VP1F-VP1R pro-
duced a 144-bp fragment. Nucleic acids were extracted from tissue-purified virus
(lane 1), uninfected liver (lane 2), culture-purified virus (lane 3), uninfected
GKCs (lane 4), and infected tissue (liver and spleen) from field samples collected
during epizootics in February 1991, January 1998, March 1998, and March 1999
(lanes 5 to 8, respectively). Lane M, molecular size marker.

FIG. 5. Alignment of VP1 sequence of GHPV and eight polyomaviruses. The blocks labeled with roman numerals highlight conserved sequence between the
different VP1 sequences. Characters in boldface type are isolated conserved amino acids. Below the sequence alignment are shown conserved positions (defined in
CLUSTAL W) represented by the following symbols: p, single, fully conserved residue; :, one of the strong groups fully conserved (STA, NEQK, NHQK, NDEQ,
QHRK, MILV, MILF, HY, or FYW); ., one of the weaker groups fully conserved (CSA, ATV, SAG, STNK, STPA, SGND, SNDEQK, NDEQHK, NEQHRK, FVLIM,
or HFY). Polyomavirus VP1 sequences used for comparison and their GenBank accession numbers were as follows: simian virus 40 (SV-40), AF038616; BK virus
(BKV), Z19536; JC virus (JCV), AF015537, murine polyomavirus Kilham strain (KV), M55904; bovine polyomavirus (BPyV), M74843; BFDV, M20775; LPV, M14494;
hamster polyomavirus (HaPV), P03092; GHPV, AF226991.
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propagated on epithelial GKCs: the first cytopathic changes
occurred 3 to 7 dpi with a pattern characterized by vesicles in
the cytoplasm and budding from the cell membrane. Surpris-
ingly, the virus showed no capacity to grow on GEFs, although
this cell type is elective for replication of APVs (2). Subcellular
localization of the viral antigens was investigated on GHPV-
infected GKCs by immunofluorescence with the serum of gos-
lings hatched from HNEG-infected breeders. The nuclear
staining observed suggests that the virus replicates in the nu-
clei, a common feature of all polyomaviruses (20). In addition,
the detection of viral antigens was efficient with field-collected
serum, which confirms the association of this virus with the
occurrence of HNEG in the field. Furthermore, electron mi-
croscopy performed on infected cells showed slightly enlarged
nuclei with marginated heterochromatin, containing a high
number of 45-nm-diameter papovavirus-like virions, consistent
with those described in BFDV-infected cells (3). The exact
nature of the large vesicles observed in infected cells remains
unknown, and further examination may discriminate between a
necrosis or apoptosis origin of these inclusions.

These results suggesting that the HNEG agent is related to
papovaviruses were confirmed by molecular data, which led us
to conclude that the HNEG agent is a novel polyomavirus. A
1,175-bp product of the random PCR performed on purified
particles was specifically detected in samples collected during
two distinct epizootics from geese that died of HNEG but not
those from uninfected geese. This PCR fragment showed
about 70% amino acid similarity with the major capsid protein
(VP1) of several polyomaviruses. Interestingly, GHPV VP1
shared only 59% amino acid identity with BFDV VP1, which
suggests that HNEG virus is strongly divergent from BFDV.
Retrospectively, this poor sequence conservation between
GHPV and BFDV is consistent with the inefficient amplifica-
tion of viral DNA obtained with the set of primers designed in

conserved regions of BFDV VP1 and specifically developed for
the detection of such an avian polyomavirus APV (13).

The relationships of GHPV across the Polyomavirus genus
are reflected by phylogenetic analysis, confirming that this vi-
rus is neither located within any of the clusters identified so far
nor strongly related to another polyomavirus. Furthermore, no
particular relationship with APVs could be evidenced. Togeth-
er, these results strongly suggest that the HNEG agent, name-
ly, GHPV, is a novel species within the Polyomavirus genus.

Polyomaviruses have been isolated from many mammals, in
which they are associated with persistent nonclinical infections
leading to disease in immunocompromised hosts. An acute
nature is therefore highly unusual in the Polyomavirus genus
(5). Only BFDVs were shown to be associated with fulminant
diseases in psittacines, finches, and falconides, with a clinical
evolution, lesions, and epidemiologic features that are dramat-
ically different among susceptible species (6, 9, 15). Clinical
signs and gross lesions associated with these infections show an
amazing likeness with descriptions of HNEG: the most reliable
features are an acute death with poor or no premonitory signs
and lesions, including ascites, subcutaneous edema, nephritis,
and intestinal hemorrhages (1, 15, 19).

A key feature of APV infections is the occurrence, in most
infected cells, of intranuclear, large basophilic inclusions,
mainly with karyomegaly. There is a great diversity in cell types
concerned by these inclusions, but they are never totally absent
in avian hosts (15). Various examinations performed previ-
ously (1, 18) and during this work failed to identify such inclu-
sions in birds diagnosed with HNEG. This absence of inclu-
sions is, in our knowledge, only shared with lymphotropic
papovavirus (LPV) among polyomaviruses. Nevertheless, it is
important that unlike GHPV, LPV, which affects monkeys and
probably humans, is only associated with nonclinical carriage
(20, 26).

All the APVs already described are characterized by their
wide host range, which contrasts with the highly specific host
range of mammalian polyomaviruses (20). Investigations rela-
tive to infections by GHPV in other host species are just
beginning, but field experience suggests a very narrow host
range, even among waterfowl species (J.-L. Guerin and J.-L.
Pingret, unpublished data). At the cellular level, GHPV prob-
ably actively replicates in B cells, as suggested by the medullar
lympholysis observed in the bursa of Fabricius. This elective
replication in B cells is described in other polyomavirus infec-
tions such as BK virus, JC virus, and BFDV infections (6, 15,
20). In addition, histopathology suggests that GHPV shows a
wide tropism for various cell types, like all APVs (15). In
contrast, most mammalian polyomaviruses display a restricted
tropism for a few cell types (12).

To date, all polyomaviruses isolated from birds are desig-
nated so-called APVs. It has been proposed that these viruses
be considered a distinct subgenus within the Polyomavirus ge-
nus (22), on the basis of the structure of their genome, host
range, and innate acute pathogenicity. Actually, all APVs iso-
lated so far were closely related to the BFDV originally de-
scribed (2, 16) and shared more than 99% nucleotide identity
(14). This suggests that they might even be variants of one
single species. Our molecular data reveal that BFDV and
GHPV VP1 share only 59% amino acid identity, which indi-
cates that GHPV and BFDV are indeed distinct viruses, even
though they share a similar acute pathogenicity, unusual
among members of the Polyomavirus genus. Thus, since GHPV
is an APV which does not match all the criteria to be classified
as a true APV, we suggest that the significance of the term
APV be reconsidered.

The complete GHPV genome sequence and its molecular

FIG. 6. An unrooted dendrogram based on VP1 nucleic acid sequence. The
tree was constructed by using the neighbor-joining method. The numbers at the
nodes are bootstrap values; 1,000 resamplings of the original sequence alignment
were generated. Abbreviations of the polyomavirus VP1 sequences used for com-
parison and their GenBank accession numbers are given in the legend to Fig. 5.
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characterization are in progress. The preliminary results con-
firm both its relation to the Polyomavirus genus and its origi-
nality. All the polyomaviruses infecting birds share an acute
pathogenicity for their respective hosts, with mostly similar
clinical patterns, which might reflect common features at the
molecular level. Among APV variants, point mutations ob-
served in the continuous open reading frame of two minor
capsid proteins (VP2 and VP3) have been cited as the reason
for differences in histopathological appearance or, more puta-
tively, restricted host range (14). The molecular characteriza-
tion of the GHPV genome will focus on structural features of
early and late genes and especially on molecular relationships
between GHPV and APV. Such studies should highlight mo-
lecular features shared by both GHPV and APV but not by
other polyomaviruses and thus might correlate molecular data
to pathobiological properties.
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