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Introduction: The introduction of invasive species into an ecosystem could result in biodiversity loss and the spread of infectious agents that could cause re-emergent or emergent zoonotic diseases. Monk parakeets (Myiopsitta monachus) and rose-ringed parakeets (Psittacula krameri) are considered widespread invasive exotic species in urban habitats from the Iberian Peninsula. The aim of this study was to assess the presence of relevant infectious agents in wild parakeets captured in urban parks in Madrid and Seville (Spain).

Methods: A total of 81 cloacal samples were collected and analysed using molecular techniques.

Results: The prevalence of infectious agents varied between parakeet species: 9.5% of monk parakeets and 15% of rose-ringed parakeets were positive for enteropathogenic E. coli (EPEC), 13.3% of rose-ringed parakeets for avian influenza virus (AIV), 3.3% of rose-ringed parakeets for Newcastle disease virus (NDV), and a 23.8% of monk parakeets for Chlamydia psittaci.

Discussion: All C. psittaci-identified isolates were classified as B, E, or E/B genotypes, indicating transmission from wild urban pigeons to parakeets. These results highlight the need for monitoring parakeet populations due to the implications for human and animal health.
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1. Introduction

The introduction of invasive species into a new environment where they have never been before may have the same negative effects on the ecosystem as the introduction of exotic diseases, which can lead to biodiversity loss or even the extinction of local species (1). In this sense, numerous issues have been reported around the world, such as the loss of amphibian populations caused by Batrachochytrium dendrobatidis, a fungus carried by the African clawed frog (Xenopus laevis) (2), or the decline of the European red squirrel (Sciurus vulgaris) in the United Kingdom due to a poxvirus transmitted by the American grey squirrel (Sciurus carolinensis) (3). Moreover, invasive species can also lead to the emergence, or re-emergence, of zoonotic diseases (4). An example is the role of coypus (Myocastor coypus) in the spread of zoonotic Leptospira (5), or raccoons (Procyon lotor) as hosts for Baylisascaris procyonis, which causes neurological and ocular disease in humans (6).

Regarding the Aves Class, up to 971 introduced bird species have been reported in 230 countries (7). However, only a few studies confirmed the introduction of diseases by alien bird species, mostly restricted to sporadic cases (8). The most relevant was the historical exportation of feral pigeons (Columba livia) from the Mediterranean countries. This synanthropic species has been proven to carry more than 110 zoonotic pathogens (9); some of them in high proportions, such as Campylobacter jejuni and Chlamydia psittaci (10). Other alien species carrying zoonotic pathogens described in the scientific literature are the house sparrow (Passer domesticus), the common starling (Sturnus vulgaris), and the song thrush (Turdus philomelos) (8). Therefore, health status variables should be included when conducting foreign species risk assessments to evaluate the introduction of new agents and the changes in the epidemiology of existing ones (11).

In Spain, the estimated monk parakeet (Myiopsitta monachus) population was between 18,980 and 21,455 in 2016 (13), while the rose-ringed parakeet (Psittacula krameri) population ranged between 3,005 and 3,115 in 2015 (14). Since then, the populations of both species have largely increased. For example, in the capital, Madrid, the population of monk parakeets grew from 7,248–8,193 in 2015 to 11,154–12,975 in 2019 (15). Although both species are worldwide invasive gregarious Psittacidae, monk parakeets build communal nests that can be used by other species (13), which favours the diffusion, amplification, and spread of numerous pathogens, while rose-ringed parakeets do not. Instead, after the mating season, rose-ringed parakeets gather to roost reaching high-density flocks that pose the same hazard as communal nests. However, there is a lack of knowledge about the infectious agents that both invasive species can harbour.

In this context, the aim of this study was to assess the presence of zoonotic and loss biodiversity-related infectious agents in both species, namely monk parakeets and rose-ringed parakeets, from two densely populated Spanish cities.



2. Materials and methods


2.1. Samples and the areas of study

Due to the invasive ability of monk parakeets and rose-ringed parakeets, Spanish legislation includes an invasive species control program in which the removal of nests and euthanasia of trapped birds from these species are considered key to reducing populations (12).

First, the population size of each species in the different capture areas was established based on previous studies (16–19). Then, captures of monk parakeets in Madrid were performed between 2016 and 2017, while captures of rose-ringed parakeets in Sevilla took place between 2019 and 2020. Birds were trapped with both floor decoys with clap nets and nest traps. The sampling size (monk parakeets = 21 and rose-ringed parakeets = 60) was sufficient to detect a minimum expected prevalence of 13.2% and 4.8% in monk parakeets and rose-ringed parakeets, respectively for each analysed pathogen (Table 1) (www.winepi.net).


TABLE 1 Captured birds (N), number of analysed animals (N analysed), and percentage of animals analysed (%N) from the city council of Sevilla and Madrid, respectively.
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All the captured birds were checked by a veterinarian and sampled before euthanasia to obtain the cloacal content by enema, as described by Vázquez (10). In brief, 1 mL of sterile PBS was introduced into the cloaca using a sterile Pasteur pipette and immediately aspirated. The cloacal sample was transferred into a 2-ml microtube and diluted to a total volume of 2 ml to perform further analysis.

Handling procedures complied with European (Directive 2010/63/EU) and Spanish legislation (Royal Decree 53/2013). For sample collection, ethics approval was not necessary as samples were collected within the framework of a veterinary disease control intervention, and sampling was performed following standard procedural guidelines.



2.2. Pathogen detection

For each sample, RNA and DNA extraction were simultaneously performed from the cloacal enema using a pressure filtration method (QuickGene DNA Tissue Kit S, Fujifilm Life Science, Tokyo, Japan) and adding an RNA carrier (20).

Real-time PCRs (RT-PCRs) based on TaqManTM probes were performed for the partial amplification of the incA gene of Chlamydia psittaci (21), the mapA gene of Campylobacter jejuni (23), and the Prot6e gene of Salmonella spp. (26). Samples positive for C. psittaci were typed by RT-PCR based on Eva Green, with high-resolution melting (HRM) analysis (22), which amplifies a partial fragment (274 bp) of the ompA gene. Positive confirmation was sought by Sanger sequencing of the amplicons. In addition, real-time reverse transcriptase (RT-rtPCR) based on TaqManTM probes was performed to detect the avian influenza virus (AIV) matrix gene (24) and the Newcastle disease virus (NDV) matrix gene (25). Finally, zoonotic E. coli was detected following the protocol described previously for the detection of the intimin gene (eaeA) (27, 28). Positive samples for the eaeA gene were analysed to assess the presence of stx-1 (29) and stx-2 (28). If the sample was positive for at least one of them, it was considered enterotoxigenic (STEC) strain, but if the sample was negative for both genes, it was considered enteropathogenic (EPEC) (20, 27). Primers, probes, and methodology are summarised in Table 2.


TABLE 2 Methods used for determining infectious agents.
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2.3. Statistical analysis

A non-parametric test (Mann–Whitney U-test) was applied to establish differences between monk parakeets and rose-ringed parakeets in the presence of each agent. Statistics were carried out using a commercially available software application (SPSS 29.0 software package; SPSS Inc., Chicago, IL, USA, 2002).




3. Results

In total, 81 birds were included in the study: 21 monk parakeets and 60 rose-ringed parakeets. Among monk parakeets, 23.8% were positive for C. psittaci (5/21; CI 95% 5.6–42.0%). The results of partial ompA gene sequencing revealed that positive samples could be classified as B, E, or E/B genotypes. No positive rose-ringed parakeets were detected for C. psittaci (p < 0.001). AIVs and NDVs were detected only in rose-ringed parakeets: 13.3% were positive for AIV (8/60: CI 95% 4.7–21.9%) and 3.3% for NDV (2/60; CI 95% 0.0–7.9%). Regarding E. coli presence, 9.5% of the monk parakeets were positive for the intimin (eaeA) gene (2/21; CI 95% 0.0–22.1%), while the prevalence of this gene in rose-ringed parakeets was slightly higher (15%; 9/60; CI 95% 6.0–24%). All positive samples to eaeA were analysed for stx-1 and stx-2 genes, all of which were negative and therefore enteropathogenic strains (EPEC). All samples were negative for Campylobacter jejuni and Salmonella spp. (Table 3).


TABLE 3 Results after analysis in search of the different infectious agents in both invasive species (Myiopsitta monachus and Psittacula krameri): number of positive birds, percentage from the analysed population for each agent, and interval confidence at 95% level.
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None of the birds showed clinical signs compatible with those pathogens, so positive birds were considered asymptomatic carriers.



4. Discussion

To the best of our knowledge, this is the first study of potentially zoonotic bacterial and viral agents present in invasive Psittacidae living in urban areas. The results demonstrate that invasive species, namely monk parakeets and rose-ringed parakeets, can host zoonotic pathogens such as Chlamydia psittaci, AIV, NDV, or EPEC.


4.1. Discussion about pathogens
 
4.1.1. Chlamydia psittaci

The prevalence of C. psittaci detected in monk parakeets was in concordance with previous studies with captive individuals of the same species (30). However, although the results are similar, it is important to consider that the habitat conditions are not the same. In contrast to our results, C. psittaci was also described in rose-ringed parakeets in previous studies with different prevalence trends, but none of those studies employed specific PCR for C. psittaci detection (31, 32). Among the Chlamydia genotypes described for birds, all authors agree that genotype A is the most prevalent in Psittacidae (33, 34), while genotypes B, E, and E/B are more common in pigeons (35–37). To the best of our knowledge, this is the first C. psittaci genotyping in monk parakeets worldwide. The presence of genotypes B, E, or E/B in monk parakeets suggests that bacteria have been transmitted from pigeons to parakeets in the opposite direction than expected. The different prevalence trends between monk and rose-ringed parakeets could be due to the feeding behaviour of each species and, thus, their interactions with other species. While monk parakeets feed mostly on the ground (38), rose-ringed parakeets do so in trees more frequently (39). Feeding on the ground gives monk parakeets the chance to interact with feral pigeons and then share pathogens with them, mainly respiratory ones. C. psittaci is highly prevalent in pigeons from Madrid (10), magnifying the transmission between pigeons and monk parakeets. To confirm this hypothesis, several approaches could be attempted. One approach could be to demonstrate the presence of C. psittaci in pigeons from Seville. The other approach could be to genotype positive samples from pigeons. In this sense, previously unpublished results obtained by our research group confirmed the presence of genotypes B, E, and B/E in pigeons from Madrid, which are those found in the present study, supporting this hypothesis. However, a strong phylogenetic analysis such as sequencing the full ompA gene is required to demonstrate this potential transmission.



4.1.2. Avian influenza virus

Information about avian influenza in monk and rose-ringed parakeets is scarce. To the best of our knowledge, the present study is the first one conducted on urban free-living birds. In monk parakeets, only one study assessed the presence of AIV by hemagglutination assay in a monk parakeet imported to Austria with a negative result (47). In rose-ringed parakeets, two positive captive birds for H9N2 strains were reported during routine virologic diagnosis of the birds imported to Japan (48). Unfortunately, in our study, assays for the identification of highly pathogenic AIV (i.e., H5 or H7 variants) could not be attempted due to the limited amount of sample.



4.1.3. Newcastle disease virus

Similarly, the literature on NDV in monk and rose-ringed parakeets is old, and studies were performed using serology assays; therefore, positive samples only confirmed the contact of animals with the virus (49). Other studies focused on Psittacidae showed negative results for NDV detection (50, 51), with the exception of the study of NDV prevalence in India (52), where they found two positive samples out of four Psittaciformes analysed. Unfortunately, no data on which species were analysed were available. The present study confirms the presence of NDV in two rose-ringed parakeets. Unfortunately, the identification of velogenic strains could not be attempted due to the lack of a sample. Both AIV and NDV are notifiable in aviculture due to their serious economic and health repercussions, and wild birds, such as feral pigeons or hybrid ducks (Anas spp.), are considered reservoirs of both viruses (10).



4.1.4. Escherichia coli

Diarrheagenic E. coli (DEC) is one of the main causes of human diarrhoea, and wild birds have been suggested as potential reservoirs for these pathogens (45). Only few articles about DEC detection in monk and rose-ringed parakeets have been published. In 1978, Graham and Graham could not find E. coli in the faeces of seven captive monk parakeets by bacteriological culture (46). Our results showed that 9.5% of monk parakeets and 15% of rose-ringed parakeets were positive for EPEC, but none of the strains was classified as STEC. Although there is a disparity, it is hardly comparable because of the publication date, the technique used, and the bird habitat. This represents the first description of EPEC in those Psittacine species.



4.1.5. Campylobacter jejuni and Salmonella spp.

Finally, only few studies about Campylobacter jejuni and Salmonella spp. presence have been carried out in monk or rose-ringed parakeets (40–44). Our negative results agree with those published before for both species. However, a study performed on ring-rose parakeets confirmed 67% positivity for Campylobacter spp. with PCR detection (41).




4.2. General discussion

It is important to highlight that the gregarious behaviour of each species contributes to the spread of pathogens through their ecosystem. Moreover, co-infection has been observed in two rose-ringed parakeets, one of which is positive for AIV and EPEC and the other for AIV and NDV. In conclusion, the present study focuses on pathogens with potential zoonotic effects present in two invasive Psittacidae species and provides an approach to assess their health risk in the ecosystem. The increase of their populations in urban green zones could represent a hazard to both humans and biodiversity due to their role as reservoirs of zoonotic pathogens. In this context, our results highlight the need for surveillance and monitoring programs for these species.
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RT-rtPCR (TagMan probe)

Primers/prol

5'-AGATGAGTCTTCTAACCGAGGTCG-3'
5-TGCAAAAACATCTTCAAGTCTCTG-3
5-(6FAM)TCAGGCCCCCTCAAAGCCGA-BHQI-3"

60

nealin
temperature (°C)

Reference

@1

C. jejuni

HPCR (TagMan probe)

5-CTGGTGGTTTTGAAGCAAAGATT-3'
5/-CAATACCAGTGTCTAAAGTGCGTTTAT-3
5-(6FAM)AATTCCAACATCGCTAATG-MGB-3'

60

@3)

C. psittaci (detection)

HPCR (TagMan probe)

5-GCCATCATGCTTGTTTCGTTT-3
5-CGGCGTGCCACTTGAGA-3
5'-(6FAM)TCATTGTCATTATGGTGATTCAGGA-MGB-3'

60

@n

C. psittaci (genotyping)*

rtPCR (HRM-Eva Green)

5-TGTGCAACTTTAGGAGCTGAGTTC-3'
5/-GCTCTTGACCAGTTTACGCCAATA-3'

60

(22)

E. coli (eaeA)

PCR

5'-TCAATGCAGTTCCGTTATCAGTT-3"
5-GTAAAGTCCGTTACCCCAACCTG-3'

55

28)

E. coli (stx-1)®

£t PCR (Sybr Green)

5/-CATTACAGACTATTTCATCAGGAGGTA-3'
5/-TCGTTCAACAATAAGCCGTAGATTA-3

55

(9

E. coli (stx-2)°

PCR

5/-CTTCGGTATCCTATTCCCGG-3
5-CTGCTGTGACAGTGACAAAACGC-3'

55

(28)

NDV

RT-rtPCR (TagMan probe)

5-AGTGATGTGCTCGGACCTTC-3
5-CCTGAGGAGAGGCATTTGCTA-3
5/-(6FAM)TTCTCTAGCAGTGGGACAGCCTGC-BHQI-3

(25)

Salmonella spp.

rtPCR (TagMan probe)

5-GTGAAATTATCGCCACGTTCGGGCAA-3'
5'-TCATCGCACCGTCAAAGGAACC-3'
5'-(6FAM)CTCTGGATGGTATGCCCGGTAAACA-BHQI-3

60

(26)

*Only applied in positive samples for C. psittaci detection.
bOnly applied in positive samples for eaeA detection.
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