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Abstract1

The causative agents of avian mycobacteriosis in pet birds are rarely identified. The aim 2

of this study is to add information about the etiology of avian mycobacteriosis. The 3

identification of mycobacterium species in 27 cases of avian mycobacteriosis in pet 4

birds was investigated by Polymerase Chain Reaction and sequencing of a rRNA 5

hypervariable region. Avian mycobacteriosis appeared to be an infrequent diagnosis.6

Interestingly, a few cases of avian mycobacteriosis were recorded in very young birds. 7

The most commonly affected species were the canary (Serinus canarius), the Eurasian 8

goldfinch (Carduelis carduelis) and the Red Siskin (Spinus cucullatus). All but one bird 9

were infected with Mycobacterium genavense. Mycobacterium avium was identified 10

only in one case. 11
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Introduction1

The causative agents of Avian Mycobacteriosis (AM) in pet birds are rarely 2

identified for lack of specific post mortem findings and for the difficulty in isolating 3

some mycobacterial species, usually referred to as non-culturable mycobacteria (Hoop 4

et al., 1996; Tell et al., 2003). Until a decade ago, most cases of AM were assumed to 5

be caused by Mycobacterium avium-intracellulare complex (MAI). More recently, the 6

use of molecular techniques for species identification brought to light the prominent 7

role of non culturable mycobacteria, primarily Mycobacterium genavense (MG), in 8

several cases of AM in pet birds (Tell et al., 2001). MG is a fastidious organism 9

classified as a non-pigmented, slow-growing mycobacterium (Runyon, 1959; Tortoli, 10

2003), first identified in a human patient with Acquired Immune Deficiency Syndrome 11

(AIDS) (Bottger, 1990; Bottger et al., 1992). This species has since been proven to be 12

pathogenic for numerous avian species (Hoop et al., 1993; Portaels et al., 1996; Hoop et 13

al., 1996; Holsboer Buogo et al., 1997; Manarolla et al., 2007) and a few mammalian 14

species as well (Kiehn et al., 1996; Steiger et al., 2003; Ludwig et al., 2007). The origin 15

of such infection in humans and animals remains obscure (Portaels et al., 1996). MG in 16

pet birds causes a disseminated disease with clinical and histopathological features 17

indistinguishable from AM caused by members of the MAI complex (Portaels et al., 18

1996; Ramis et al., 1996; Schmidt et al., 2003). The route of infection depends on the 19

mycobacterial species. MAI appear to be ubiquitous in the environment, and they are 20

usually contracted by ingestion. As for MG, the frequent involvement of the gastro-21

intestinal tract suggests an oral route of infection (Schmidt et al., 2003), though the 22

extensive invasion of the lungs reported in many cases suggest a possible airborne 23

source (Portaels et al., 1996; Manarolla et al., 2007).24
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The aim of this study was to determine retrospectively, via Polymerase Chain 1

Reaction (PCR) and sequencing, the mycobacterial species involved in AM cases 2

diagnosed in pet birds in our laboratory over an extended period of time.3

Materials and Methods4

Case Selection: Cases were accessed from January 1987 to September 2007. Of 5

1,961 cases, avian mycobacteriosis was diagnosed in 27 pet birds of varying species6

from northern Italy. Specimens were presented as intact corpses for necropsy, or as 7

formalin-fixed tissues for histopathology. In all the cases in this study, the diagnosis 8

was based on microscopic findings suggestive of AM and confirmed by Ziehl-Neelsen 9

stain. The year of submission, the species and the affected organs are listed in Table 1.10

Polymerase chain reaction and sequencing11

DNA extraction12

DNA was extracted from formalin-fixed, paraffin-embedded tissues. Three 5-µm 13

sections from each of the sampled organs were collected in sterile 1.5 mL tubes and 14

dewaxed in 1 mL xylene (VWR BDH Prolabo, Milan, Italy) for 20 min, centrifuged at 15

1000×g for 3 min and washed twice with 100% ethanol (Merck KGaA, Darmstadt, 16

Germany). DNA was then extracted from the pellet using a DNA minikit (Qiagen, 17

Hilden, Germany) according to the manufacturer's instructions.18

PCR19

The identification of the mycobacterial species was based on the amplification 20

and sequence analysis of a hypervariable region of the 16S rRNA gene. For this 21

purpose, a semi-nested PCR was used. Primers used in the first round PCR were 246 22

(5'-AGAGTTTGATCCTGGCTCAG-3'; nucleotides 8 to 28 of the 16S rRNA gene of 23

Escherichia coli) and 247 (5'-TTTCACGAACAACGCGACAA-3'; nucleotide positions 24
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609 to 590 of the E. coli 16S rRNA gene) (Hughes et al., 2000). For the second round 1

PCR primers used were p7 (5'-CATGCAAGTCGAACGGAA-3'; nucleotide positions 2

54 to 71 of the E. coli 16S rRNA gene) (Dumonceau et al., 1995 ) and 247.3

Amplifications were carried out in 50 µL PCR buffer (Eppendorf, Hamburg, Germany) 4

containing 1.5 mM MgCl2, 20 pmol each primer, 200 µM each dNTP and 1.25 U Taq 5

polymerase (Eppendorf). Incubation conditions for the first reaction consisted of an 6

initial incubation at 95°C for 3 min, followed by 35 cycles each of 95°C for 35 sec, 7

64°C for 30 sec and 72°C for 40 sec, then a final incubation at 72°C for 8 min. 8

Incubation conditions for the nested reaction consisted of an initial cycle of incubation 9

at 95°C for 3 min, followed by 30 cycles each of 95°C for 35 sec, 61°C for 35 sec and 10

72°C for 40 sec, then a final incubation at 72°C for 8 min. A 5 µl sample of the PCR 11

products was electrophoresed in 2% agarose (Promega, Milan, Italy) and stained with 12

ethidium bromide (Euroclone, Milan, Italy). Negative controls consisting of the PCR 13

master mixture without genomic DNA and with DNA extracted from negative tissues 14

were included in all PCR amplifications.15

Sequencing and sequence analysis 16

PCR products of the expected length (555bp) were purified from agarose gel 17

slices using a QIAquick PCR purification kit (Qiagen) and sequenced using an ABI 18

Prism 310 genetic analyser (Applied Biosystems, Foster City, California, USA). The 19

sequences were submitted to the GenBank database. The percentage of similarity with 20

reference sequences was evaluated by BLAST search in the NCBI website. The 21

accession numbers are listed in Table 1.22

Results23
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The results are listed in Table 1. The birds enrolled in the survey were all pet 1

birds from northern Italy and belonged to 8 different avian species divided as follows: 92

canaries (Serinus canarius) (33.3%), 6 Eurasian goldfinches (Carduelis carduelis) 3

(22.2%), 5 red siskins (Spinus cucullatus) (18.5%), 2 Amazona albifrons (7%), 1 4

Amazona farinosa, 1 greenfinch (Carduelis chloris), 1 Neophema sp, 1 kakariki 5

(Cyanoramphus novaezelandiae), 1 hybrid Carduelis carduelis x Serinus canarius and 1 6

zebra finch (Taenopygia guttata) (3.7% each). Sixteen birds were from different 7

owners, whereas the other 11 belonged to 3 particular owners as indicated in Table 1. In 8

8 cases, the age of the bird was not available; 13 birds were adults older than 1 year and 9

6 birds were younger than 1 year. In 16 cases (59.3%), there was involvement of the 10

gastrointestinal tract. The respiratory tract was affected in 10 cases (37%). Two cases of 11

skin lesions were also included. 12

Twenty-six cases (92.9%) showed non-tubercoloid lesions characterized by focal 13

or extensive sheets of mycobacteria-laden macrophages infiltrating the parenchyma of 14

different organs with variable amounts of necrosis and scattered accumulation of 15

lymphoid cells and heterophils. In these cases, the intracellular acid fast organisms was 16

particularly abundant (Figure 1). Case 2 and case 5 were characterized by typical 17

granulomas with a central necrotic area and a scarcity of mycobacteria surrounded by 18

macrophages and multinucleated giant cells. In cases 4 and 13, PCR did not amplify the 19

hypervariable region of the 16S rRNA gene. PCR and sequencing revealed that 23 cases 20

of AM were caused by MG and 1 case by Mycobacterium avium. The percentage of 21

similarity ranged from 99.4% to 100%. In case 7, sequencing of the PCR product gave 22

questionable results and was discarded.23

Discussion24
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Between January 1987 and September 2007, AM was diagnosed histologically 1

in 27 of 1,961 pet birds (1.4%). This low number probably underestimates the actual 2

cases, since histological examination of dead birds for evident post mortal changes was 3

not frequently performed. 4

Moreover, some cases might have been overlooked for lack of gross lesions 5

suggestive of AM. Eight different avian species were represented in the survey, albeit 6

most cases were observed in canaries, Eurasian goldfinches and red siskins. 7

Identification of mycobacterial species by molecular techniques was unsuccessful in the 8

2 cases that yielded no amplification of the hypervariable region of the 16S rRNA gene. 9

As DNA extraction and PCR was repeated twice for these 2 cases, this result can 10

probably be attributed either to scarce quantity of mycobacterial DNA available in 11

paraffin-embedded tissues or to severe DNA damage sustained during processing 12

(Srinivasan et al., 2002). 13

MG was identified in 23 of 24 cases (95.8%), making it the most prevalent 14

mycobacterial species in this survey. Similar data have been previously observed in pet 15

and aviary birds (Portaels et al., 1996; Hoop et al., 1996; Holsboer Buogo et al., 1997). 16

MG was almost exclusively associated with the non-tuberculoid form of AM and our 17

results sustain that the tuberculoid form is rarely observed in AM of pet birds (Schmidt 18

et al., 2003). We observed typical granulomatous lesions only in cases 2 and 5. In both 19

cases, the granulomas affected the periocular region of two parrots. This lesion site has 20

been previously described in numerous avian species affected by AM (Tell et al., 2001).21

It is worth noting that case 1 dated to 1989. This result revealed MG had 22

infected an avian host one year before its first identification in a human AIDS patient 23

(Bottger, 1990; Bottger et al., 1992). It is particularly noteworthy that MG was 24
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identified in more birds from the same owners (Table 1). Although previous reports 1

supported a limited contagiousness of MG (Hoop et al., 1993; Manarolla et al., 2007), in 2

these cases we cannot exclude an animal-to-animal spread of the infection among 3

several birds kept in close contact. 4

Mycobacterium avium was identified only in case 20. This result sustains 5

previous European reports where this mycobacterial species is referred to as not 6

predominant in AM of pet birds (Portaels et al., 1996; Hoop et al., 1996; Holsboer 7

Buogo et al., 1997). On the contrary, Mycobacterium avium and Mycobacterium 8

intracellulare are commonly identified in aviaries at zoos (Schrenzel et al., 2008). 9

Further studies seem necessary to find out whether regional differences in speciation 10

exist. 11

Histological appearance of the lesions in this case overlapped the pathological 12

features found in most MG infections as previously reported (Hoop et al., 1993; Portaels 13

et al., 1996; Manarolla et al., 2007). In 10 cases (37%) there was involvement of the 14

respiratory tract. Given that the lung is an uncommon site for mycobacterial lesions in 15

birds, this finding was already observed in previous reports (Portaels et al., 1996; 16

Manarolla et al., 2007) and suggests that an airborne source of infection must be 17

considered in AM of pet birds. We can speculate that the routine cleaning procedures of 18

the cages where AM-infected birds live could aerosolise mycobacteria from infected 19

feces, which remain the principal source of shedding and infection for other birds (Tell 20

et al., 2001). Interestingly, 6 of the 19 birds of known age (31.6%) were younger than 1 21

year. This result confirms that, although AM is more frequently observed in adult birds 22

as a consequence of the chronic nature of the disease, it must be considered as a 23

possible diagnosis in juvenile birds that have died without specific findings. A vertical 24
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route of transmission cannot be excluded, though it is believed to be unlikely (Tell et 1

al., 2001). Molecular identification is the most accurate approach for making an 2

etiological diagnosis because these micro-organisms are difficult to isolate. 3

Unfortunately, application of this technique to paraffin-embedded material in 4

retrospective studies can be unsuccessful.5

The results of this survey suggest MG must be suspected over other 6

mycobacterial species as a possible culprit in cases of AM diagnosed histologically in 7

companion birds. The origin of such infections could not be identified, and it is also 8

uncertain whether immunosuppression plays a role in AM as it does in the human 9

counterpart. The environment is considered the natural reservoir of non tuberculous 10

mycobacteria (Bottger, 1994; Tortoli, 2004; Schrenzel et al., 2007). Nevertheless, it has 11

been hypothesized the birds to be the only identified potential reservoir for MG (Tortoli, 12

2003), and, though limited, the results of this survey sustain this hypothesis. 13

Consequently, further studies aimed at clarifying the epidemiological mechanisms that 14

MG uses to infect companion birds seem necessary. 15

MG is pathogenic for people immunocompromised by either HIV or by 16

iatrogenic immuno-suppression (Boian et al., 1997; Tortoli, 2004). AM is unlikely to 17

represent a significant risk for healthy humans. However, the potential for zoonotic 18

disease must be considered, especially if persons who are immunocompromised are in 19

contact with an infected bird (Bottger, 1994; Boian et al., 1997; Lennox, 2007)20

Unfortunately, no data about the health status of the bird owners were available for this 21

survey; however, it might be investigated whether the anamnestic data of human 22

patients with MG infections include previous contact with companion birds.23
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Table 1 – material and results of the survey

CASE YEAR AVIAN SPECIES AGE AFFECTED ORGANS MYCOBACTERIAL 
SPECIES

% IDENTITY SEQUENCE 
NUMBER

1 1989 Spinus cucullatus n.a. intestine M. genavense 100% EU742184

2 1993 Amazona farinosa n.a eye (granuloma) M. genavense 99.8% EU742170

3 1994 Serinus canarius 1 year spleen M. genavense 100% EU742179

4 1995 Amazona albifrons adult intestine PCR negative -- --

5 1995 Neophema sp n.a. eye (granuloma) M. genavense 100% EU742181

6 1996 Spinus cucullatus* adult intestine liver, spleen M. genavense 100% EU742185

7 1996 Amazona albifrons n.a. skin, duodenum Unidentified bacterium -- --

8 1996 Serinus canarius n.a. liver, spleen M. genavense 100% EU742172

9 2000 Carduelis choris 3 years spleen, lung M. genavense 100% EU742174

10 2002 Serinus canarius adult lung M. genavense 100% EU742175

11 2003 Spinus cucullatus* 6 months intestine M. genavense 100% EU742171

12 2003 Serinus canarius* 1 year intestine M. genavense 100% EU742178

13 2004 Spinus cucullatus* adult intestine, liver, lung PCR negative -- --

14 2004 Carduelis carduelis § n.a. intestine, liver, gizzard, lung M. genavense 99.4% EU742189

15 2004 Carduelis carduelis§ (color 
mutated)

n.a.
duodenum M. genavense 100% EU742183

16 2004 Carduelis carduelis§ 3 years intestine, spleen, liver M. genavense 100% EU742173

17 2004 Carduelis carduelis§ (color 
mutated)

2 years
lung M. genavense 100% EU742180

18 2005 Spinus cucullatus* n.a. duodenum, liver M. genavense 100% EU742187

19 2005 Carduelis carduelis
8 years

lung, heart, cervical air sacs, 
aorta, adrenals, brain

M. genavense 99.8% EU742176

Table 1
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20 2005 Carduelis carduelis 2 years intestine, liver, spleen, lung M. avium 100% EU742166

21 2005 Serinus canarius 1.5 year spleen M. genavense 100% EU742182

22 2005 Hybrid: Carduelis carduelis 
x Serinus canarius

1 year
intestine, liver, spleen, lung M. genavense 100% EU742177

23 2006 Serinus canarius° adult spleen M. genavense 100% EU742168

24 2007 Serinus canarius° 4 years lung M. genavense 100% EU742188

25 2007 Cyanoramphus 
novaezelandiae

12 years
intestine, liver M. genavense 100% EU742167

26 2007 Taeniopygia guttata 1 year gizzard, intestine, liver, spleen M. genavense 100% EU742169

27 2007 Serinus canarius 1 year lung, air sacs M. genavense 100% EU742186

n.a. not available
§,*,° identifying birds from a same owner
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Figure 1

http://ees.elsevier.com/vetmic/download.aspx?id=62326&guid=1aa40571-5a3c-4ff1-9743-7fba7cdb6dc3&scheme=1
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Figure 1 BW

http://ees.elsevier.com/vetmic/download.aspx?id=62327&guid=e1774160-5fd0-4a3e-93e5-095617f37772&scheme=1
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Figure 1. Section of lung of a European goldfinch showing multifocal lesions consisting of 
macrophagic aggregates with numerous intracytoplasmic acid fast bacilli. Ziehl-Neelsen stain. Bar 
= 150 µm.
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