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Introduction

Mycobacterium genavense is a fastidious organism with special growth requirements and was first detected in 1990 in a human patient with acquired immunodeficiency syndrome [START_REF] Bottger | Infection with a novel, unidentified mycobacterium[END_REF].

Since then, it has been identified as a cause of mycobacteriosis in a number of avian species [START_REF] Hoop | Mycobacteriosis Due to Mycobacterium genavense in Six Pet Birds[END_REF][START_REF] Hoop | Etiological agents of mycobacterioses in pet birds between 1986 and 1995[END_REF][START_REF] Holsboer Buogo | Vorkommen von Mycobacterium genavense bei Vögeln[END_REF][START_REF] Portaels | Mycobacteriosis caused by Mycobacterium genavense in birds kept in a zoo: 11-year survey[END_REF], with clinical and histopathological features indistinguishable from those caused by members of the Mycobacterium avium-intracellulare complex [START_REF] Ramis | Mycobacterium genavense infection in canaries[END_REF][START_REF] Portaels | Mycobacteriosis caused by Mycobacterium genavense in birds kept in a zoo: 11-year survey[END_REF].

Avian polyomavirus (APV) infections are well documented in some psittacine species [START_REF] Krautwald | Polyomavirus infection in budgerigars (Melopsittacus undulatus): clinical and aetiological studies[END_REF][START_REF] Gerlach | Viruses[END_REF][START_REF] Ogawa | Duplex shuttle PCR for differential diagnosis of budgerigar fledgling disease and psittacine beak and feather disease[END_REF]. Infections have been also detected in non-psittacine pet birds (Johnston and Riddell, 1986;Sironi and Rampin, 1987;[START_REF] Forshaw | Infection with a virus resembling papovavirus in gouldian finches (Erythrura gouldiae)[END_REF]Sironi, 1991) but there has been limited characterisation of the effects of these infections. This report describes a case of co-infection with M. genavense and APV in a captive European goldfinch (Carduelis carduelis).

Material and Methods

Case history. An eight-year-old, male European goldfinch was submitted for necropsy. The aviculturist reported that he had found the bird as a free living nestling. The bird has been handraised and housed till death in a single cage kept in an indoor aviary with other birds of a different species (Serinus mozambicus). Two months before its death, especially during weekly cage cleaning, the bird had started having seizure-like activity, falling to the cage floor, remaining rigid with hyperextended legs its wings dropped down and its beak open, emitting a harsh, prolonged Gross findings. The bird was in good body condition. The lungs had multifocal congestion and the brain had diffuse congestion. Samples of the brain, trachea and peritracheal tissues, the thyroid and parathyroid glands, the lungs, heart, aorta, liver, intestine, adrenal glands, kidneys, eyes, skin and skeletal muscle were collected, fixed in 10% buffered formalin and processed for histopathological examination. The spleen was not sampled as this organ was not found during necropsy.

Samples of the same organs were also stored at -80°C.

Histopathology. Tissue samples were sectioned at 4 µm and stained with hematoxylin and eosin (HE) and with Ziehl-Neelsen stain (ZN) for detection of acid fast bacilli.

Culture. Samples of lungs and brain were ground with 10 ml phosphate buffered saline (pH 7.0) (PBS) with a mortar and pestle. The suspension was filtered through sterile gauze, transferred to a 50 ml tube, decontaminated with an equal volume of 4 % weight/volume NaOH solution (final concentration 2 % weight/volume) for 10 min and neutralized with 1.25 N HCl containing bromocresol purple. After centrifugation at 900 g for 30 min the pellet was suspended in 1 ml sterile PBS and used to inoculate two tubes of Lowenstein Jensen medium and two tubes of Middlebrook 7H10 medium (Becton Dickinson Diagnostic Systems, Buccinasco, Italy) containing 10 % v/v oleic acid-albumin-dextrose-catalase (OADC -Becton Dickinson Diagnostic Systems, Buccinasco, Italy).

Both media were supplemented with 2 µl mycobactin J/ml (Rhône-Merieux, Lyon, France). Before inoculation a smear (ZN) was of the inoculum was stained with ZN.

PCR and sequencing. DNA extraction -DNA was extracted from formalin-fixed, paraffinembedded tissues. Briefly, three 5 µm sections from each of the sampled organs were collected in Germany). DNA was then extracted from the pellet using a DNA minikit (Qiagen, Hilden, Germany) according to the manufacturer's instructions.

For identification of the mycobacterial species a hypervariable region of the 16s RNA gene was amplified and sequenced [START_REF] Bottger | Disseminated "Mycobacterium genavense" infection in patients with AIDS[END_REF][START_REF] Hoop | Mycobacteriosis Due to Mycobacterium genavense in Six Pet Birds[END_REF][START_REF] Clarridge | Impact of 16s rRNA gene sequence analysis for identification of bacteria on clinical microbiology and infectious diseases[END_REF]. A seminested PCR method was used.

The external primers were pA ( 5 MgCl 2, 20 pmol of each primer, 200 µM of each dNTP and 1 U Taq polymerase. Incubation conditions consisted of 5 min at 95°C, followed by 35 cycles of 92°C for 40 s, 55°C for 1 min and 72°C for 1 min, with a final incubation at 72°C for 7 min.

A 5 µl sample of the PCR products was electrophoresed in 2% agarose (Promega, Milan, Italy) and stained with ethidium bromide (Euroclone, Milan, Italy).

Sequencing and sequence analysis. PCR products of the expected length were purified from agarose gel slices using a QIAquick PCR purification kit (Qiagen, Hilden, Germany) and sequenced using an ABI Prism 310 genetic analyzer (Applied Biosystems, Foster City, CA, USA). The sequences were submitted to the GenBank database under the accession numbers EF107701 and EF107702 for MG and APV respectively.

Results and Discussion

Foamy macrophages with abundant lightly basophilic cytoplasm were seen in the meninges, lungs, cervical air sacs, peritracheal connective tissue, aorta and adrenal glands. There was a diffuse infiltration of the meninges and the air sacs with these macrophages, while in other organs the infiltration was multifocal. Small lymphocytic aggregates were observed rarely in association with the macrophages. ZN staining revealed myriads of acid fast bacteria within the cytoplasm of the macrophages. Scattered extracellular acid fast bacteria were detected occasionally in the brain sections (Figure 1) and in the aortic intima and adventitia (Figure 2). In both adrenal glands moderate numbers of chromaffin cells were karyomegalic (nuclei up to 30 µm in diameter), with marginated chromatin and variably shaped, pale amphophilic or clear to glassy inclusion bodies suggestive of polyomavirus infection (Figure 3). In addition to intranuclear inclusions, a few cells ZN staining revealed the presence of numerous acid fast bacilli in the inoculum. There was no growth on Lowestein Jensen medium after 8 weeks of incubation but 3 small, whitish colonies were observed on Middlebrook 7H10 medium and confirmed to be acid fast by ZN staining. The colonies could not be subcultured, and thus species identification was not possible.

DNA extracted from tissues yielded specific products in both the mycobacterial and APV

PCRs. The sequences of the products were compared with the GenBank database and that of the product from the mycobacterial PCR was found to have a nucleotide sequence identity of 100%

with M genavense (X60070) and that from the APV PCR a nucleotide sequence identity of 99% with finch polyomavirus (DQ192571).

The diagnosis of this co-infection with M. genavense and APV was dependent on histopathological examination, as neither agent causes characteristic clinical signs. The cardiac lesions appeared to be the only change unrelated to mycobacteriosis or APV infection. The presence of mycobacterial meningoencephalitis, an unusual sequela of infection with M. genavense, explained the seizure-like activity affecting the bird for two months prior to death. Although the route of infection could not be established, some conclusions can be drawn from the pathology. The detection of mycobacteria in the aortic wall, the involvement of the central nervous system and the adrenal glands indicates that this was a systemic infection. The gastrointestinal tract showed no sign of mycobacteriosis, as indicated by the fact that the bird was in good condition. However the lungs and the cervical air sacs were severely affected. These findings seem to exclude an oral route of infection and suggest an airborne source. It also seems likely that organisms in the cervical air sacs could have resulted in the extension of infection to the peritracheal connective tissues. The owner did not report any signs of respiratory tract involvement, even though the lungs were severely affected. The respiratory tract is an uncommon site for mycobacterial lesions in birds, but infection with M. genavense with extensive invasion of the lungs has been reported in a number of avian species [START_REF] Portaels | Mycobacteriosis caused by Mycobacterium genavense in birds kept in a zoo: 11-year survey[END_REF]. In this case, the aetiological diagnosis of infection with M. genavense was first suspected after the failure to isolate the causative organism on conventional solid media and then confirmed by PCR and DNA sequencing. M. genavense has been identified by PCR in a few passerine species (Tell et al., 2001) but not previously in goldfinches.

Inclusion bodies typical of APV infection were detected only in the adrenal glands, which were also massively infiltrated with mycobacteria-laden macrophages. The damage to the adrenal glands was only evident by histological examination as clinical signs of adrenal disorders have not been documented in birds [START_REF] Lumeij | Endocrinology[END_REF]. Although APV infections in passerine species have been associated with clinical signs of sudden death or chronic weight loss, lethargy, fledging disease, beak abnormalities and, in one case, with sertolioma (Sironi and Rampin, 1987;[START_REF] Marshall | Papova-like virus in a finch aviary[END_REF]Woods, 1989;[START_REF] Rossi | Sertoli cell tumor associated with polyomavirus infection in a Gouldian finch (Erythrura gouldiae)[END_REF], the vast majority of APV infections are asymptomatic (Schimdt et al., 2003). Interaction between APV and M. genavense has not been documented previously. The sequence of the APV involved in this case was 99% identical to that of a novel APV (tentatively designated as finch polyomavirus) in the region of the genome examined in this study. This novel virus was detected in a Eurasian bullfinch (Pyrrhula pyrrhula griseiventris) [START_REF] Johne | Characterization of two novel polyomaviruses of birds by using multiply primed rolling-circle amplification of their genomes[END_REF].

The source of both infections in this case remains unknown. The goldfinch lived in a single cage but it was kept in an indoor aviary with pet birds of another species. It cannot be excluded that other birds of the aviary were infected with either M. genavense or APV, although dead birds from the same aviary that were examined before and after the this case had no sign of infection with these agents.

In conclusion, an unusual case of systemic mycobacteriosis associated with APV infection was diagnosed in a European goldfinch. Of the two agents M. genavense is possibly the most significant as it appeared to be responsible for the most advanced lesions in the goldfinch and also has zoonotic potential [START_REF] Nadal | Invasive infection with Mycobacterium genavense in three children with the acquired immunodeficiency syndrome[END_REF][START_REF] Bottger | Mycobacterium genavense: an emerging pathogen[END_REF]. Molecular genetic analyses were essential for the definitive identification of M. genavense and finch polyomavirus, and wider use of these 
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  activity lasted a few minutes. Two days before death the goldfinch appeared weak and lethargic. The other birds in the aviary were apparently healthy.
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  tubes and dewaxed in 1 ml of xylene (VWR BDH Prolabo, Milan, Italy) for 20 min, centrifuged at 1000 g for 3 min and washed twice with 100% ethanol (Merck KGaA, Darmstadt,

  ' -AGAGTTTGATCCTGGCTCAG-3', corresponding to nucleotides 8-28 of the 16s RNA gene of Escherichia coli) and 247 (5' -TTTCACGAACAACGCGACAA-3', complementary to nucleotides 54-71 of the 16s RNA gene of Escherichia coli). The internal primers were p7 (5'-CATGCAAGTCGAACGGAA-3', corresponding to nucleotides 54-71 of the 16s RNA gene of Escherichia coli) and 247. Amplifications were carried out in 50 µl PCR buffer (Eppendorf, Hamburg, Germany) containing 1.5 mM MgCl 2, 20 pmol of each primer, 200 µM of each dNTP and 1.25 U Taq polymerase (Eppendorf, Hamburg, Germany).Incubation conditions for the first reaction consisted of an initial incubation at 95°C for 3 min, followed by 35 cycles, each of 95°C for 35 s, 64°C for 30 sec and 72°C for 40 s, then a final incubation at 72°C for 8 min.Incubation conditions for the nested reaction consisted of an initial cycle of incubation incubation at 95°C for 3 min, followed by 30 cycles, each of 95°C for 35 s, 61°C for 35 sec and 72°C for 40 s, then a final incubation at 72°C for 8 min. For detection of APV, a 269 bp portion of the large open reading frame coding for VP1 was amplified and sequenced. The VP1 sequences of budgerigar fledging disease virus (BFDV; M20775), goose polyomavirus (AF226991) and the novel finch polyomavirus (DQ192571) were aligned and two degenerate primers (avpolyo1 -5'-CTDGATGARAATGGGGTKGG-3', corresponding to nucleotides 2604-2623 of the BFDV genome -and avpolyo2 -5'-ACMCGWACYTCCTCMACCT-3', complementary to nucleotides 2851-2869 of the BFDV Formatted: Indent: First line: 35.4 pt, Line spacing: Double designed. Amplification was carried out in 25 µl of PCR buffer containing 2 mM
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  fast bacteria. There was diffuse vacuolar degeneration of myocardial fibres and multifocal areas of fibrosis were seen in the heart. No remarkable changes were detected in the other organs that were examined.
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  Figure 1 Photomicrograph of brain showing mycobacteria laden macrophages diffusely expanding the meninges and forming a perivascular aggregate (arrowhead). Ziehl-Neelsen stain. Bar = 80 µm. 80x59mm (300 x 300 DPI)
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