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Abstract: Beak and feather disease virus (BFDV) is responsible for the psittacine beak and feather disease, which affects 

Psittaciformes, including the Grey Parrot (Psittacus erithacus). Captive birds can act as reservoirs of BFDV, which may 

have important implications for wildlife endangered species and vice versa. Updated knowledge about the local BFDV 

frequency and breeders’ attitudes towards this disease is paramount to create strategies to reduce BFDV dissemination. 

The main aim of this study was to estimate the frequency of BFDV in asymptomatic captive P. erithacus kept in Portugal. 

Blood samples were collected from 100 asymptomatic P. erithacus kept in ten private bird collections from mainland 

Portugal. After DNA extraction, the presence of BFDV DNA was assessed by nested PCR. Information regarding the 

bird's living conditions was also collected. BFDV DNA was detected in 8 samples, accounting for a frequency of 8%. 

Notably, 60% (6/10) of the private bird collections had at least one BFDV positive bird. This study brings new and 

updated information about the captive fauna of P. erithacus in Portugal. The detection of 8% asymptomatic positive birds 

highlights the importance of captive birds as reservoirs of this virus. Furthermore, the high number of BFDV affected 

collections is also a concern regarding BFDV dissemination.    

Keywords: Beak and Feather Disease Virus (BFDV), Psittacus erithacus, Psittacine Beak and Feather disease. 

 

 

 

 



Portela et al. – Frequency of beak and feather disease virus in captive healthy Grey Parrots (Psittacus erithacus) in Portugal 

 

  

 

1. INTRODUCTION 

 

The beak and feather disease virus 

(BFDV), belonging to the family 

Circoviridae, is a virus that affects bird 

species of several genera (Raidal and Peters 

2018; Harkins et al. 2014; Peters et al. 

2014). BFDV is the causative agent of 

psittacine beak and feather disease (PBFD) 

and it was definitively identified in the late 

1980s (Fogell et al. 2016; Bert et al. 2005). 

This virus is endemic in Australia, and it is 

currently one of the most clinically relevant 

diseases of viral origin, especially in 

Psittaciformes, representing a major threat 

to biodiversity, being classified as a “key 

threatening process to biodiversity” 

(Kessler et al. 2020; Martens et al. 2020a). 

This non-enveloped virus, with a 

diameter of 7 to 22 nm, has a spherical or 

icosahedral capsid and a genome with a 

circular deoxyribonucleic acid (DNA) chain 

with 1993 to 1996 nucleotides and two main 

opening reading frames (ORF). ORF C1, 

located in the complementary sense chain, 

encodes a capsid protein. ORF V1, located 

in the parallel sense chain, encodes another 

protein associated with viral replication 

(Ma et al. 2019; Haddadmarandi et al. 2018; 

Raidal and Peters 2018; Regnard et al. 

2017; Das et al. 2014; Peters et al. 2014; 

Sarker et al. 2014; Phalen 2006).  

BFDV transmission has been shown to 

occur horizontally and vertically, making it 

difficult to eradicate the virus from 

collections of infected birds under human 

care (Harkins et al. 2014). The horizontal 

route is considered the most common route 

of BFDV dissemination, which occurs 

through inhalation or ingestion of shed viral 

particles from faeces, feather dust, or crop 

secretions (Desingu and Nagarajan 2022; 

Phalen 2006; Bert et al. 2005; Gerlach 

1994). It can occur through direct 

transmission (bird to bird) or indirect 

transmission (bird to environment to bird) 

(Haddadmarandi et al. 2018). As for vertical 

transmission, it has been demonstrated by 

Rahaus and colleagues (2008), that 

described a 20% infection rate in 

embryonated eggs from two Psittaciformes 

species. Nevertheless, horizontal 

transmission through environmental 

contamination also seems to be an 

important route of infection in young birds 

(Bert et al. 2005). 

After infection, the incubation period of 

the virus is at least 21 days but may vary 

depending on the influence of certain 

factors such as the viral load, the route of 

infection, the age of the bird, the stage of 

growth or moulting and the immune status 

of the infected animal (Desingu and 

Nagarajan 2022; Khalesi 2007). For young 

birds, the incubation period is 15 to 30 days, 

unlike adult birds which may experience an 

incubation period from months to years 
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(Phalen 2006). The disease can have three 

clinical presentations or phenotypes, 

classified as hyperacute, acute, and chronic 

(Haddadmarandi et al. 2018; Regnard et al. 

2017; Greenacre 2005; Gerlach 1994). 

However, some authors also consider 

subclinical as an additional presentation 

(Philadelpho et al. 2022; Ahaduzzaman et 

al. 2022; Haddadmarandi et al. 2018; 

Araújo 2011; Gerlach 1994). 

The immunosuppression characteristic 

of this disease occurs due to virus invasion 

of lymphoid tissues and consequent 

necrosis of lymphoid organs (Araújo 2011; 

Phalen 2006). The necrosis of the thymus, 

bursa cloacalis, and circulating leukocytes 

will then lead to an immunosuppressive 

condition of varying degrees, creating a 

gateway for opportunistic pathogens, 

facilitating the emergence of secondary 

infections, which can then lead to sepsis, 

often resulting in the death of the birds 

(Raidal and Peters 2018; MacLachlan and 

Dubovi 2017; Pendl and Tizard 2016; 

Allgayer and Pereira, 2014; Harkins et al. 

2014; Phalen 2006; Pyne et al. 2005). 

Generally, the younger the bird, the more 

severe the immunosuppression. This 

severity is associated with the fact that birds 

develop their antibodies in the bursa 

cloacalis in the first 3 to 4 weeks of life 

(Desingu and Nagarajan 2022; Pyne et al. 

2005).  It can also be related to the route of 

transmission and concomitant infections 

(Haddadmarandi et al. 2018; Raidal and 

Peters 2018; Allgayer and Pereira 2014). 

Particularly in Grey Parrots (Psittacus 

erithacus), the action of the virus on the 

bone marrow can lead to the onset of severe 

anaemia, leukopenia, and marrow atrophy 

and its subsequent replacement with 

adipose tissue (Pendl and Tizard 2016). 

Although PBFD is characterised by 

beak and feather lesions, clinical signs may 

vary according to its severity and disease 

presentation (Haddadmarandi et al. 2018; 

Allgayer and Pereira 2014; Harkins et al. 

2014). The hyperacute presentation usually 

occurs in neonatal birds and includes 

clinical signs compatible with septicaemia 

associated with pneumonia, enteritis, rapid 

weight loss, and death (Allgayer and Pereira 

2014; Greenacre 2005). The acute 

presentation is characterised by 

abnormalities in feather development, 

depression, necrosis and fracture of 

feathers, haemorrhages, premature moult of 

affected feathers, stasis of the crop, and 

diarrhoea (Allgayer and Pereira 2014; 

Gerlach 1994). Clinical signs associated 

with the chronic presentation are delayed 

moulting, feather fractures, deformations 

such as short, curled, deformed feathers 

with constriction rings or appearance of 

stress lines; haemorrhages; hyperkeratosis 

and feather retention (Fogell et al. 2016; 
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Phalen 2006; Pyne et al. 2005). Beak 

lesions occur due to the presence of the 

BFDV in the germinal epithelium and may 

lead to hyperkeratosis and overgrowth that 

may result in the appearance of rhinotheca 

fissures (Portas et al. 2017; Phalen 2006). 

Typical clinical signs can support the 

hypothesis of BFDV infection; however, 

clinical signs alone are insufficient to 

establish a definitive diagnosis (Phalen 

2006). The virus can be detected in the 

blood, even if the animal shows no clinical 

symptoms (Phalen 2006).  Polymerase 

Chain Reaction (PCR) is the most sensitive 

technique to detect low viral loads 

(Ahaduzzaman et al. 2022; Pyne et al. 

2005). Since the BFDV genome sequence 

varies up to 16%, primers must be designed 

in a conserved region (Phalen 2006). 

Sequence variations occur mostly in ORF 

C1, as the capsid protein shows a nucleotide 

sequence conservation of 76.5% to 83.3%, 

compared to the replication protein encoded 

by ORF V1 that achieves amino acid 

sequence conservation values between 

86.9% and 98.3%. For this reason, ORF V1 

is chosen for primer design and PCR 

diagnosis (Raue et al. 2004). 

BFDV genome recombination is 

common and evolutionary (Haddadmarandi 

et al. 2018; Raidal and Peters 2018; Fogell 

et al. 2016; Jackson et al. 2014; Massaro et 

al. 2012). The recombination of different 

genomes can result in an accentuation of 

BFDV virulence, which can lead to an 

increased mortality of birds infected by the 

new strains (Jackson et al. 2014). This 

genetic variation may be related to the host 

species’ geographical distribution or the 

breeding location under human care 

(Haddadmarandi et al. 2018; Fogell et al. 

2016; Massaro et al. 2012). Breeding 

centers of several bird species present 

themselves as a risk for the occurrence of 

these recombinations, as they promote close 

contact between different bird species and, 

therefore, different BFDV strains (Jackson 

et al. 2014). 

Presently, due to the high spread rate of 

the virus, this disease is described in more 

than 70 species of Psittacidae, either under 

human care or in wild populations (Fogell 

et al. 2016). Among these species, 50 are 

classified by the International Union for 

Conservation of Nature (IUCN) as "Least 

Concern", 7 as "Near Threatened" and 

about 20 are categorised as "Threatened", 

including P. erithacus (Fogell et al. 2016). 

This spread is primarily caused by the 

international bird trade (Jackson et al. 

2014), but some authors hypothesise the 

possible action of climate change to extend 

BFDV distribution (Ortiz-Catedral et al. 

2022). Notably, a previous study about the 

global movement of BFDV points to 

Portugal as a key location for the 
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dissemination of the virus in the past 

(Harkins et al. 2014). Nevertheless, updated 

data about BFDV in Portugal is lacking. 

Asymptomatic carriers of the virus 

represent a great risk since they do not show 

early signs of infection, facilitating the 

spread of BFDV (Phalen 2006). The 

situation of endangered bird species is 

particularly delicate, as the virus represents 

a threat to their survival (Ahaduzzaman et 

al. 2022; Ortiz-Catedral et al. 2022; Das et 

al. 2020; Raidal and Peters 2018). Studies 

have also shown that birds that do not 

belong to the Psittacidae family can be 

infected by BFDV (Amery-Gale et al. 

2017). 

This study aimed to evaluate the 

presence of asymptomatic BFDV infection 

in captive healthy P. erithacus in mainland 

Portugal and to characterise the birds' 

environmental and management conditions. 

 

2. MATERIALS AND METHODS 

2.1 Sample collection 

Blood samples were collected in 

early 2022 from healthy captive adult P. 

erithacus belonging to 10 breeders in 

mainland Portugal (Fig. 1). From each 

breeder, ten birds were enrolled in the 

study, accounting for a total of 100 studied 

birds. Only breeders with bird collections 

that included at least 10 adult birds of the 

species P. erithacus were sampled. Birds of 

both sexes (n= 50 males; n= 50 females) 

were included and no restrictions on the size 

(total number of birds) or composition 

(number or type of bird species) of each 

collection were considered. Breeders with 

bird collections with known BFVD infected 

birds or birds with clinical signs suspected 

of BFVD were excluded from the study.  

Blood samples were collected from 

the birds’ right jugular vein to 

ethylenediaminetetraacetic acid (EDTA) 

tubes and stored at -80°C prior to DNA 

extraction. 

The present study was approved by 

the Ethics Committee and Animal Welfare 

(CEBEA) of the Faculty of Veterinary 

Medicine of Lusófona University. At the 

time of sample collection, an informed 

signed consent was obtained from each 

breeder. Furthermore, an epidemiological 

questionnaire was carried out at each 

breeder concerning the health status of the 

included birds, previous BFDV testing, and 

their housing and handling conditions. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1 Geographic location of the breeders enrolled in this 

study. Light red indicates breeders with one BFDV-
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positive P. erithacus in their bird collection. Dark red 

indicates breeders with two BFDV-positive P. erithacus in 

their bird collection. Grey indicates breeders without 

BFDV infected P. erithacus. 

 

 

2.2 DNA extraction and quality control 

DNA was extracted from whole 

blood samples using the commercial 

Invisorb® Spin Universal Kit (Invitek 

Molecular, Berlin, Germany) according to 

the manufacturer's instructions. 

To gauge and ensure the quality and 

integrity of the extracted DNA, specific 

primers (12S rDNA L and 12S rDNA H; 

Table 1), amplifying a 436 bp fragment of 

the P. erithacus 12S rDNA housekeeping 

gene, were used as previously described 

(Bert et al. 2005). Briefly, amplification 

was performed by conventional PCR in a 

total volume of 25 μL, in individual PCR 

tubes, composed of 1× MyTaq Reaction 

Buffer (Bioline®, London, UK), 7 pmol of 

12S rDNA L primer, 7 pmol of 12S rDNA 

H primer, 1 U of MyTaq DNA polymerase 

(Bioline®, London, UK), between 5 μL to 

10 μL of total DNA and sterile deionized 

water to make up the final volume. Non-

template (using sterile deionized water 

instead of DNA sample) and positive (with 

P. erithacus genomic DNA) controls were 

included to validate the results of each 

reaction. The PCR amplification was 

performed in a BIO-RAD T100™ Thermal 

Cycler (Hercules, CA, USA), according to 

the following conditions: 1 denaturation 

cycle at 94 ºC for 4 min., followed by 35 

cycles at 94 ºC for 30 secs., 55 ºC for 30 

secs. and 72 ºC for 45 secs., and a final 

extension cycle of 72 ºC for 7 min. PCR 

products were visualised on a 2% (w/v) 

agarose gel electrophoresis. 

 

2.3 BFDV detection 

BFDV testing was performed only 

on samples where the housekeeping gene 

detection was possible to avoid false 

negative results due to poor quality DNA or 

the presence of PCR inhibitors. 

To ensure high specificity and 

sensitivity, a nested PCR was performed 

using previously published primers 

(Tomasek et al. 2008). The first round of the 

nested PCR was performed using primers 

PBFD 2 and PBFD 4 which amplified a 718 

bp fragment of ORF V1 between nucleotide 

positions number 182 and 899 of the BFDV 

genome (Table 1) (Tomasek et al. 2008).  

For this PCR, a reaction mixture was 

prepared with a total volume of 25 μL, in 

individual PCR tubes, composed of 12.5 μL 

of NZYTaq II 2x Green Master Mix 

(NZYTech®, Lisbon, Portugal), 7 pmol of 

each primer, 2 μL of DNA and sterile 

deionized water to make up the final 

volume. Non-template and positive controls 

(with the addition of DNA from a known 

positive sample) were included to validate 

the results. The PCR amplification was 
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performed in a BIO-RAD T100™ Thermal 

Cycler (Hercules, CA, USA), according to 

the following conditions: 1 denaturation 

cycle at 94 ºC for 4 min., followed by 35 

cycles at 94 ºC for 30 secs., 58 ºC for 30 

secs. and 72 ºC for 45 secs., and a final 

extension cycle of 72 ºC for 7 min.  

For the second round of nested PCR, 

primers PBFD 251 and primer PBFD 609 

were used, amplifying a fragment of 359 bp, 

between position 251 and 609 of the BFDV 

genome (Table 1) (Tomasek et al. 2008). A 

reaction mixture with a total volume of 25 

μL was prepared, in individual PCR tubes, 

consisting of 12.5 μL of NZYTaq II 2x 

Green Master Mix (NZYTech®, Lisbon, 

Portugal), 7 pmol of each primer, 2 μL of 

product from the first round of nested PCR 

and deionized water until the final volume 

was made up. The amplification of the 

second round of nested PCR was carried out 

in the same thermal cycler according to the 

following conditions: 1 denaturation cycle 

at 94 ºC for 4 min., followed by 32 cycles at 

94 ºC for 30 secs., 67 ºC for 20 secs. and 72 

ºC for 30 secs., and a final extension cycle 

of 72 ºC for 7 min. PCR products were 

visualised on a 2% (w/v) agarose gel 

electrophoresis. 

To avoid contamination of the 

samples with exogenous DNA, all good 

practices, and standard procedures for 

molecular biology benchwork were 

adopted.            

 

2.4 Statistical analysis 

Fisher's exact test was used for 

comparisons between groups with an α 

value of 0.05. 

 

3. RESULTS 

3.1 Studied Population 

 A total of 100 adult P. erithacus 

were studied, belonging to 10 private 

breeders. All the bird collections included 

several avian species besides P. erithacus. 

Regarding the environmental conditions 

and management of these bird collections, it 

was not possible to determine the number of 

existing birds or the different species 

present in each one. This information was 

difficult to access due to the frequent entry 

and exit of birds from each collection. 

Available information about the housing 

conditions of the studied birds was 

registered (Table 2). 

Most breeders kept the birds under 

the same conditions (60%, 6/10), namely: 

without contact with soil and faeces, 

without direct contact with other avian 

species, housed in couples and in cages 

located in the exterior (Table 2). 

 Overall, 80% (8/10) of the breeders 

kept the birds with no direct contact with 

soil and faeces. As for the type of 



Portela et al. – Frequency of beak and feather disease virus in captive healthy Grey Parrots (Psittacus erithacus) in Portugal 

 

  

 

environment, only two breeders (breeder-4 

and breeder-5) kept birds indoors without 

ventilation, while the remaining 80% (8/10) 

kept birds in outdoor enclosures. Although 

all breeders owned other species of birds, 

only one (breeder-9) allowed the studied P. 

erithacus animals to have direct contact 

with other species, with the remaining 90% 

(9/10) allowing indirect contact (adjacent 

cages or aviaries and shared cleaning, 

reproductive and feeding utensils). 

 Considering the studied population 

individually, 90 birds were housed in 

couples (n=45 pairs) and 10 were living in 

communal housing (breeder-9). All 

included birds from the same breeder were 

housed in identical conditions. None of the 

included P. erithacus had been previously 

tested for BFDV.  

 

3.2 PCR detection of circovirus 

Amplification of the 12S rDNA 

housekeeping gene was possible in all 

samples (n=100), reflecting the good 

quality and integrity of the DNA, as well as 

the absence of DNA polymerase inhibitors 

that could lead to false negative results. 

The detection of asymptomatic 

BFDV infection by nested PCR was 

confirmed in a total of 8 birds, which 

represents an overall BFVD frequency of 

8% (8/100) in this study (Fig. 2). 

The BFDV positive birds belonged 

to a total of six breeders (breeder-1, 

breeder-4, breeder-6, breeder-7, breeder-8 

and breeder-9), corresponding to 60% of the 

studied collections (Fig. 1, Table 3). 

Two breeders (breeder-1 and 

breeder-4) showed an infection frequency 

of 20% (2/10 each). Four breeders (breeder-

6, breeder-7, breeder-8, and breeder-9) had 

a frequency of BFDV infection of 10%, 

corresponding to one positive P. erithacus 

out of the 10 tested per breeder. BFDV 

infection was not detected in the remaining 

breeders (breeder-2, breeder-3, breeder-5, 

and breeder-10) although they had the same 

management conditions as breeder-6, 

breeder-7, and breeder-8 (Table 2). 

Among the 45 couples tested, 7 had 

one positive bird, corresponding to 15.6% 

(7/45) of infected couples. An interesting 

finding in this study was that the housing 

partners of the 7 positive birds were all 

negative for BFDV (Table 3).  

Among the 8 positive birds for 

BFDV, 37.5% (3/8) had contact with soil 

and faeces, 25% (2/8) were housed indoors, 

and 12.5% (1/8) had contact with other 

species. Finally, considering the 92 birds 

negative for BFDV, 18.5% (17/92) had 

contact with soil and faeces, 19.6% (18/92) 

were housed indoors, and 9.8% (9/92) had 

contact with other species.  
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No statistically significant 

differences were found between the housing 

conditions of infected and non-infected 

birds (p > 0.05). 

 

4. DISCUSSION 

In the present study, 8% (8/100) of 

captive healthy P. erithacus were shown to 

be positive for BFDV, thus being 

asymptomatic. To our best knowledge, this 

is the first study aiming to evaluate the 

presence of BFDV in healthy P. erithacus 

kept in captivity in Portugal. Considering 

the key role that Portugal seems to have 

played, in the past, in the dissemination of 

BFDV (Harkins et al. 2014) and the scarcity 

of existing data about this virus in Portugal, 

updated information is essential to better 

understand its current epidemiology. 

Furthermore, the importance of this virus in 

the health and preservation of several 

Psittacidae species worldwide (Fogell et al. 

2016; Bert et al. 2005) makes this subject of 

the utmost importance. 

Despite the existence of discordant 

data regarding the preferred type of sample 

to be used, in the present study, blood 

samples were chosen for the identification 

of asymptomatic infection (subclinical 

presentation), as several studies indicate 

better results with these samples (Fogell et 

al. 2016; Khalesi 2007). Additionally, the 

use of blood samples can potentially 

minimise the occurrence of environmental 

contamination. 

The prevalence of BFDV infection 

varies worldwide. Comparisons between 

studies are difficult to establish due to 

differences related to the study design such 

as the population studied (symptomatic vs. 

asymptomatic; wild vs. captive; type of bird 

management), geographic and temporal 

variations, and the use of different detection 

methods, among others. 

The overall BFDV frequency of 8% 

(8/100) found in this study is in agreement 

with that described in Italy, where a 

frequency of 7.5% (28/371) was described 

in blood samples from birds of the genus 

Psittacus kept in captivity. However, these 

included birds with and without clinical 

signs of PBFD (Bert et al. 2005). In other 

European countries, results differ according 

to the study (Valastanova et al. 2021; Julian 

et al. 2013; Piçarra 2010; Rahaus and Wolff 

2003). In Poland, in captive birds, a 

frequency of BFDV infection of 17.3% 

(9/52) was found. The health status of these 

birds (symptomatic vs. asymptomatic) was 

not disclosed and blood and/or feather 

samples were used (Julian et al. 2013). In 

Germany, a BFDV infection frequency of 

39.2%, using feather samples of 146 

asymptomatic birds from 32 breeders, was 

reported. Of these, only 18 belonged to the 

genus Psittacus; however, the authors did 
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not mention the infection frequency within 

this genus (Rahaus and Wolff 2003). In the 

Czech Republic, a BFDV infection 

frequency of 21.5% (38/117), using feather 

samples from 117 healthy parrots from 42 

facilities, was reported. Of these, 51 

belonged to the P. erithacus species and 5 

were found positive for BFDV infection, 

accounting for an infection frequency of 

10.2% in this species. In this case, nested 

PCR was used for virus detection 

(Valastanova et al. 2021). A 2.9% (16/554) 

BFDV infection frequency was reported in 

P. erithacus kept in captivity in the 

Barcelona area using blood samples. 

Interestingly, despite the low BFDV 

infection frequency reported, this study 

included birds with and without clinical 

signs (Piçarra 2010). 

Outside of Europe, studies also 

show varying results and different study 

designs, thus greatly limiting comparisons 

between countries (Haddadmarandi et al. 

2018; Hakami et al. 2017; Hakimuddin et 

al. 2016; Huang et al. 2016).  

As in other studies, the frequency of 

asymptomatic BFDV infection found in the 

present study may be influenced by several 

factors including the detection methodology 

chosen. The presence of low viral loads, 

expected in asymptomatic carriers, could 

lead to underestimating this frequency, 

although the use of a nested PCR aimed to 

minimise this effect. Sequencing of the 

entire virus genome in future studies should 

be pursued, as it would allow the study of 

the BFDV variants circulating in Portugal.  

Information about the housing and 

management conditions of the birds 

included in this study was registered to 

identify practices and handling conditions 

that could be considered risk factors for the 

dissemination of BFDV. This study showed 

that, despite the importance of BFDV for 

captive and wildlife birds, several breeders 

kept favourable conditions for virus 

maintenance. For example, contact between 

birds, even if indirectly through fomites, 

may be a risk factor for environmental 

contamination and BFDV dissemination 

(Bert et al. 2005). One could hypothesise 

that this cross-contamination is particularly 

important in breeders with a high entry and 

exit of birds of different species from the 

bird collections, as was the case in this 

study. Also, direct contact with soil and 

faeces, which was allowed in birds from 

two breeders, is one of the most common 

routes of virus dissemination, since BFDV 

is excreted in faeces, feathers, and shedding 

dust (Regnard et al. 2017; Araújo 2011; 

Phalen 2006). Since eradication of BFDV is 

unlikely, implementation of disinfection 

measures with known effective impact on 

this non-enveloped virus should be 

considered (Amery-Gale et al. 2017). 
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Another important finding from this 

study was the lack of systematic BFDV 

testing of birds before its introduction in the 

bird collections. Screening for infection is 

seen as an additional cost by most breeders 

that only test birds when they evidence 

suspected clinical signs. Also, the absence 

of effective treatment (Tomasek et al. 2008) 

likely leads breeders to underestimate the 

importance of BFDV testing, putting their 

bird collections at a higher risk. This 

misperception can have consequences, both 

economically and for the captive and wild 

birds' health. Increasing breeders’ 

knowledge of how the virus is spread may 

help to implement preventive measures to 

stop BFDV from entering and spreading 

within bird collections.  

Considering that BFDV has a high 

transmission rate, it was surprising to find 

BFDV-positive and -negative birds living 

together. Several explanations could be 

hypothesised. These BFDV-negative birds 

could have higher levels of BFDV 

antibodies and lower viral loads, hindering 

virus detection. Also, since only healthy 

birds were included, it may be possible that 

these BFDV-negative birds were recently 

infected or were in a transitory infection 

process (Khalesi 2007; Phalen 2006). 

BFDV-positive asymptomatic birds 

are silent carriers that can spread the virus 

and threaten entire collections of birds, 

many of which include endangered species. 

Moreover, the export of infected captive 

birds to countries with endemic and 

susceptible Psittaciformes may increase the 

risk of extinction of endangered birds 

worldwide. 

Future longitudinal studies on 

asymptomatic P. erithacus would be of 

great value to better understand the virus 

shedding over time and the transmission 

dynamics in captivity, as well as to estimate 

the true role of these birds as BFDV 

carriers. 

Also, since the occurrence of 

seasonal fluctuation in the frequency of 

BFDV in birds has been proven (Martens et 

al.2020c), it would be of great interest to 

study this variation in captive P. erithacus 

housed in the exterior. 

In Portugal, as in other European 

countries, there are no endemic birds of the 

Psittacidae family; however, an increase in 

the number of invasive Psittacidae species 

is emerging (Alonso et al. 2022). 

Furthermore, studies have shown that 

BFDV can also be detected in non-

psittacine birds (Ahaduzzaman et al. 2022; 

Amery-Gale et al. 2017). In Australia, a 

high frequency of BFDV (20.0%, 21/105) 

was observed in liver samples from captive 

and wild asymptomatic non-psittacine 

species (Amery-Gale et al. 2017). In 

Bangladesh, another study reported a 
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frequency of 40% (4/10) BFDV infection in 

non-psittacine species (Ahaduzzaman et al. 

2022). To the best of our knowledge, BFDV 

infection in wild invasive Psittaciformes or 

non-psittacine birds has not been reported in 

Portugal so far. Still, it is reasonable to 

assume that these invasive Psittacidae 

species may become infected and, 

eventually, contribute to a greater spread of 

this virus. Thus, future BFDV infection 

monitoring in these populations is essential. 

 

Table 1: Primers used in this study 

1Between nucleotides 182 and 899 of the BFDV genome; 
2Between nucleotides 251 and 609 of the BFDV genome. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Primers Target Sequences Size Reference 

12S rDNA L 
12S 

rDNA 

GGA TTA GAT ACC CCA CTA 

TGC 
436bp (Bert et al. 2005) 

12S rDNA H 
AGG GTG ACG GGC GGT ATG 

TAC G 

PBFD 2 
ORF 

V11 

AAC CCT ACA GAC GGC GAG 

718bp 
(Tomasek et al. 

2008) PBFD 4 
GGT CAC AGT CCT CCT TGT 

ACC 

PBFD 251 

ORF 

V12 

ACT TAC CCT GGG CAT TGT 

GGC G 

359bp 
(Tomasek et al. 

2008) 
PBFD 609 

GGC GGA GCA TCT CGC AAT AAG 

G 
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Table 2 Housing conditions of birds per breeder.  

 

1Bird cages were kept indoors, thus having poor ventilation; 2Bird cages were kept outdoors; 3Two birds   per cage, namely one 

P. erithacus female and one male; 4Several birds of different species in the same aviary, including five P. erithacus females 

and five males. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 BFDV amplification results were observed after a 2% (w/v) agarose gel electrophoresis of the nested PCR products. M: 

Hypperladder 100 bp molecular weight marker (Bioline®, London UK). 1 to 4: PCR product from four BFDV positive samples. 

C+: Positive control. C-: Negative control.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Breeder 

ID 

Contact with 

soil and faeces 
Environment Housing 

Direct contact 

with other 

species 

Yes No Interior1 
Exterior

2 
Couple3 Communal4 Yes No 

1 X   X X   X 

2  X  X X   X 

3  X  X X   X 

4  X X  X   X 

5  X X  X   X 

6  X  X X   X 

7  X  X X   X 

8  X  X X   X 

9 X   X  X X  

10  X  X X   X 
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Table 3 BFDV positive P. erithacus. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Breeder 

ID 
Couple ID Bird ID 

PCR 

result  

1 

1 
PE0101 Negative 

PE0102 Positive 

2 
PE0103 Positive 

PE0104 Negative 

4 

18 
PE0405 Positive 

PE0406 Negative 

19 
PE0407 Positive 

PE0408 Negative 

6 30 
PE0609 Negative 

PE0610 Positive 

7 34 
PE0707 Positive 

PE0708 Negative 

8 40 
PE0809 Negative 

PE0810 Positive 

9 
Communal 

housing 

PE0908 Positive 

PE0901-07, 09, 

10 
Negative 
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