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Disseminated Mycobacterium celatum infection in a white-tailed trogon (Trogon viridis)
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An adult female white-tailed trogon (Trogon viridis) was presented with abdominal enlargement and hard subcutaneous masses. Necropsy findings included bony masses extending from skeletal structures, disseminated pale foci in the liver, and a pale mass in the kidney. Histological examination revealed multifocal to coalescing granulomatous inflammation in bone, liver, kidney, lung and spleen. Mycobacterium celatum was isolated from the liver and identified by DNA sequencing. This is the first report of M. celatum infection in an avian species.

Introduction

Mycobacterium celatum is a slowly growing, potentially pathogenic mycobacterium [START_REF] Tortoli | Impact of genotypic studies on mycobacterial taxonomy: the new mycobacteria of the 1990s[END_REF], first described in 1993 [START_REF] Butler | Mycobacterium celatum sp. nov[END_REF]. M. celatum is divided into three groups (types 1, 2 and 3) based on genomic sequencing [START_REF] Butler | Mycobacterium celatum sp. nov[END_REF][START_REF] Bull | A new group (Type 3) of Mycobacterium celatum isolated from AIDS patients in the London area[END_REF]. Originally reported to cause infection mainly in AIDS patients [START_REF] Piersimoni | Disseminated infection due to Mycobacterium celatum in a patient with AIDS[END_REF][START_REF] Tortoli | Isolation of the newly described species Mycobacterium celatum from AIDS patients[END_REF][START_REF] Bonomo | Mycobacterium celatum infection in a patient with AIDS[END_REF], the agent has recently been identified as the cause of serious, often disseminated, infection in immunocompetent individuals [START_REF] Piersimoni | Mycobacterium celatum Pulmonary infection in the immunocompetent: Case report and review[END_REF]. The only report of M. celatum occurring naturally in an animal is that of an adult male domestic ferret with severe disseminated granulomatous inflammation [START_REF] Valheim | Disseminated Mycobacterium celatum (Type 3) infection in a domestic ferret (Mustela putorius furo)[END_REF].

Avian mycobacteriosis is most commonly caused by Mycobacterium avium, M. intracellulare and M. genavense, while infections with M. tuberculosis, M. fortuitum, and M. bovis occur relatively infrequently [START_REF] Hoop | Etiological agents of mycobacteriosis in pet birds between 1986 and 1995[END_REF][START_REF] Tell | Mycobacteriosis in birds[END_REF].

We report a case of M. celatum in a trogon. To the authors' knowledge this is the first description of infection with M. celatum in an avian species. At presentation the bird was alert, the body condition was good, and the plumage was in excellent condition. Below the mandible, there was a hard spherical (15 mm in diameter) bony mass, and a similar but larger (25 mm in diameter) mass was present subcutaneously on the left wing, immediately distal to the elbow. The cranial abdomen was markedly distended. Based on the history and clinical presentation the prognosis was considered poor, and the bird was euthanized.

Materials and Methods

Case

Pathology. The submitted bird was weighed and examined. Representative samples of liver, kidney, adrenal, heart, lung, spleen, pancreas, oesophagus, proventriculus, ventriculus, small and large intestine, bone, skin, and skeletal muscle were collected in 10% neutral buffered formalin, processed routinely for histopathology, and embedded in paraffin blocks. Sections 4 to 7 µm thick were cut, mounted on glass slides, and stained with haematoxylin and eosin (HE), and with Ziehl-Neelsen stain (ZN).

Immunohistochemical analysis for mycobacteria was performed on paraffin-embedded sections of the liver using an anti Mycobacterium bovis rabbit polyclonal antiserum and a standard avidin-biotin complex immunohistochemical method at Prairie Diagnostic Services, Western College of Veterinary Medicine, Saskatoon, Saskatchewan, Canada, as previously described [START_REF] Haines | Technical considerations for developing enzyme immunohistochemical staining procedures on formalin-fixed paraffin-embedded tissues for diagnostic pathology[END_REF][START_REF] Plante | Detection of Mycobacterium paratuberculosis in formalin-fixed paraffin-embedded tissues by the polymerase chain reaction[END_REF]. Briefly, tissue sections were deparaffinized and rehydrated. Endogenous tissue peroxidases were inactivated by immersion of the slides in a solution of 0.5% H 2 0 2 in methanol for 30 min at room temperature. Sections were then digested by immersion in a solution of protease XIV (Sigma Chemical, St Louis, Missouri, USA) 0.5 mg/mL in 0.1M; pH = 7.4 phosphate buffered saline (PBS) (prewarmed to 37°C) for 15 min at 37°C, and washed 3 times in PBS for 5 min. Nonspecific adherence of proteins to tissue sections was saturated by a 30 min room temperature incubation of sections flooded with PBS supplemented with 4.0% normal rabbit serum. The saturating solution was drained from the slides and the antiserum (M. bovis #B124, Dako Corp, Via Real, Carpinteria, California, USA), diluted 1/2000 and 1/4000 in PBS containing 4.0% normal rabbit serum, was applied to duplicate sections. The slides were incubated overnight at 4°C then washed 3 times in PBS for 5 min and biotinylated antibody to rabbit immunoglobulin (Vector Laboratories) was applied diluted 1/200 in PBS containing 4.0% normal rabbit serum. The slides were incubated for 30 min at room temperature, then washed 3 times in PBS for 5 min. The avidin-biotin complex peroxidase solution was prepared according to the manufacturer's directions and incubated on the tissue sections for 30 min at room temperature, then the slides were washed 3 times in PBS for 5 min. The sections were exposed to the chromagen, 3,3 diaminobenzadine-4HCl (DAB, Electron Microscopic Products, Fort Washington, Pennsylvania, USA) 1 mg/mL in PBS supplemented with H202 (10 uLL of 50% H202 in 5 mL PBS), incubated at room temperature for 5 min, washed 3 times in PBS for 5 min and counterstained with Mayers hematoxylin. Immunohistochemical analysis was not performed on other organs.

Microbiology. Liver tissue was cultured for mycobacteria at the Danish Institute for Food and Veterinary Research. The tissue was decontaminated with 2 ml 5% sulphuric acid and put in a stomacher for 1 minute. After an additional 10 minutes, 10 ml of saline (0.9 %) was added and the sample was mixed and centrifuged for 10 minutes at 1000 g. The supernatant was discarded and the sediment re-suspended and cultured on Löwenstein-Jensen media. The tubes were incubated aerobically at 37°C and read for growth every second week for two months.

Isolates were analysed using standard identification kits (Gen-Probe, San Diego, CA, USA), and identification was subsequently performed by genome sequencing as previously described (L' Abée-Lund et al. 2003). Bacteria from one colony were suspended in distilled water and lysed by boiling. The rDNA was PCR amplified for 35 cycles at 94 0 C for 1 min., 55 0 C for 1 min. and 72 0 C for 1.5 min. using primers 8FX and 1509RX (see below). The amplification products were purified with QIAqiuck® spin columns(QIAgen, Hilden, Germany) and sequenced on an ABI 377 automatic sequencer using the PRISM® BigDye Terminator cycle sequencing kit (Applied Biosystems, Foster City, CA, USA) and the following primers: 8FX: 5-'AGAGTTTGATCCTGGCTNAG-3' ; 517F: 5'-CCAGCAGCCGCGGTAATAC-3';535R:5'-GTATTACCGCGGCTGCTGG-3' ; 784FX:5'-GATTAGATACCCNGGTAGTC-3' ; 804 RX: 5'-GACTACCNGGGTATCTAATCC-3' ; 1407R: 5'-TGACGGGCGGTGTGTACAA-3' ;1509RX: 5'-GTTACCTTGTTACGACTTCAC-3'. All primers are universal [START_REF] Weisburg | 16S ribosomal DNA amplification for phylogenetic study[END_REF]) allowing sequencing of both strands. The numbering of the primers refers to the numbering of E. coli 16S rDNA [START_REF] Brosius | Complete nucleotide sequence of a 16S ribosomal RNA gene from Escherichia coli[END_REF].

Results

At necropsy, the trogon was found to be in good body condition. Body weight was 85g.

Subcutaneously, below the mandible, adhered to the right hyobranchial apparatus was a roughly spherical, multilobulated bony mass (Figure 1).. On the cut surface, the mass was found to be heavily mineralised and traversed by bony trabeculae. On the left wing immediately distal to the elbow a similar mass measuring 25 mm in diameter was present, extending from the ulnar cortex.

The liver was enlarged, with markedly rounded edges. Scattered randomly throughout the organ were multiple 0.5 to 2 mm pale foci. Near the caudal pole of the right kidney was a 2 x 3 x 3 mm pale yellow mass. The spleen was pale, but of normal size and texture. There were no significant findings in other organs.. Histopathological examination of the liver showed multiple, randomly scattered granulomas of 100-500 µm consisting of a thick loosely woven capsule of whirling spindle-shaped fibrocytes surrounding a centre of relatively small macrophages and occasional multinucleated giant cells (Figure 2). In several granulomas, a central area of caseous necrotic debris was surrounded by a mantle of multinucleated giant cells. A very low number of acid-fast organisms were identified. Similar changes were observed in the spleen, where multiple, coalescing granulomas of 200-400 µm characteristically lacked areas of central necrosis, but contained centres of macrophages, some of which had a finely granular (ground glass) cytoplasm. In ZN stained sections, a low number of acid fast organisms were demonstrated. In the lung, a large (appr. 1 x 1 mm), and several smaller granulomas were present near one of the parabronchi. Here a thin (30-50 µm) mantle of fibrocytes surrounded a layer of multinucleate giant cells walling off a large centre of necrotic debris and occasional acid fast organisms (Figure 3). The kidneys had occasional small (200-300 µm) granulomas characterized by a central area of necrosis walled off by a mantle of multinucleated giant cells, as well as a very large (5 mm) granuloma containing several large necrotic foci. No acid fast organisms were identified in these lesions. The bony lesions were characterised by large masses of cancellous bone comprised bony trabeculae, arising from the original cortex, intermixed with islets of normally appearing bone marrow and scattered large granulomas (300 µm -5mm), often containing large necrotic areas (Figure 4). As in other organs, ZN stained sections revealed low numbers of acid fast organisms.

Massive amounts of mycobacterial antigen was demonstrated by immunohistochemical analysis of liver sections.

Mycobacterial growth was detected after 2 weeks of incubation. The isolate gave reactions below cut-off with the AccuProbe MAC (M. avium complex), the AccuProbe MTB (M. tuberculosis complex) and the AccuProbe MAV (M. avium) identification kits (Gen-Probe, San Diego, CA, USA). Sequence data when compared to 16S sequences in Genebank  demonstrated that the isolate had a 16S rDNA sequence identical to that of M. celatum type 1 (EMBL L08169, [START_REF] Bull | A new group (Type 3) of Mycobacterium celatum isolated from AIDS patients in the London area[END_REF].

Discussion

Based on the findings described above, M. celatum was considered to be the etiological agent of the severe disseminated granulomatous inflammation in this trogon. The classical tuberculous lesions and well-defined granulomas observed in the trogon are in contrast to the poorly defined granulomas described in humans (e.g., [START_REF] Piersimoni | Disseminated infection due to Mycobacterium celatum in a patient with AIDS[END_REF][START_REF] Bonomo | Mycobacterium celatum infection in a patient with AIDS[END_REF]) and a ferret [START_REF] Valheim | Disseminated Mycobacterium celatum (Type 3) infection in a domestic ferret (Mustela putorius furo)[END_REF]) infected with M. celatum. Indeed, the lesions present in the trogon are identical to those seen in classical avian mycobacteriosis caused by M. avium [START_REF] Montali | Tuberculosis in captive exotic birds[END_REF][START_REF] Tell | Mycobacteriosis in birds[END_REF][START_REF] Schmidt | Liver[END_REF]. Bony involvement was a characteristic feature in the present case, as has been described with varying frequency in birds infected with other mycobacterial agents [START_REF] Montali | Tuberculosis in captive exotic birds[END_REF][START_REF] Tell | Mycobacteriosis in birds[END_REF]. Compared to the massive antigen presence demonstrated immunohistochemically, relatively low numbers of organisms were identified in ZNstained sections. As acid-fast staining generally detects intact mycobacterial cells, a possible reason for this could be that the immunohistochemical staining is identifying structurally incomplete bacteria.

The route of infection of M. celatum is poorly known, but the presence of pulmonary lesions in the absence of granulomas in the intestinal tract in this trogon may suggest transmission by inhalation, as was proposed in a ferret [START_REF] Valheim | Disseminated Mycobacterium celatum (Type 3) infection in a domestic ferret (Mustela putorius furo)[END_REF]). In such case M. celatum would exhibit a pattern similar to that of M. tuberculosis and be in contrast to the typically intestinal origin of infections with M. avium and M. genevense [START_REF] Tell | Mycobacteriosis in birds[END_REF]. The M. celatum isolate from this case could not be distinguished from the EMBL M. celatum type 1 strain [START_REF] Bull | A new group (Type 3) of Mycobacterium celatum isolated from AIDS patients in the London area[END_REF], and the source of infection in this case was unknown. Most mycobacteria are ubiquitous environmental saprophytes [START_REF] Grange | The avian tubercle bacillus and its relatives[END_REF]) and although isolation of M. celatum from the environment has not yet been reported [START_REF] Tortoli | Impact of genotypic studies on mycobacterial taxonomy: the new mycobacteria of the 1990s[END_REF], exposure from soil or water remains the most probable source. The trogon was hatched and reared in a German facility and had been at the zoo for 17 months when it presented with clinical signs. Considering the chronic and insidious nature of the mycobacterial infections, exposure at either institution is possible. Little is known about the abundance of M. celatum. Currently approximately 3 cases of human infection are seen annually in Denmark. (Z. Kamper-Jørgensen, personal communication) This case report demonstrates that M. celatum must be added to the list of agents causing mycobacteriosis in birds. The pathogenicity and importance of this agent remain to be investigated. 

  history. An approximately 4-year-old white-tailed trogon (Trogon viridis) was presented for clinical examination in March 2005, with a history of impaired flight and soiling of the beak with feed materials. The bird was hatched and reared in a German facility and was housed in a large free flight aviary in Denmark since October 2003.Formatted: Indent: First line: 45 pt
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  The isolate grew in the presence of isoniazide (2.24 mg/l).
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 1 Figure legends:

Figure 2 .

 2 Figure 2. Liver section showing multiple loosely arranged granulomas. A capsule of whirling spindle shaped fibrocytes surround cental, relatively small, macrophages. HE, bar = 150 µm.

Figure 3 .

 3 Figure 3. Pulmonary granuloma. Large number of multinucleated giant cells surrounding central necrotic debris. HE, bar = 150 µm.

Figure 4 .

 4 Figure 4. Severe granulomatous inflammation disrupting the cancellous bone of the ulna. Note the irregular bony trabeculae and the necrotic focus (arrow). HE, bar = 800 µm.
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 1234 Figure 1. Ventral view of the head of a white-tailed trogon. The skin is incised, exposing a multilobulated bony mass which extends from the right hyobranchial apparatus. 80x59mm (300 x 300 DPI)
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