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Abstract
This study aimed to investigate the presence of Mycoplasma spp. and identify the species of mycoplasma isolates obtained 
from seabirds found on Brazilian coastal beaches. Tracheal and cloacal swab samples were collected from 50 seabirds 
rescued by three conservation and marine animal rehabilitation centers located in Brazil. The tracheal and cloacal samples 
were subjected to mycoplasma culture and the isolates were identified through PCR. A "Mollicutes-specific" 16S rRNA 
PCR reaction was employed for triage. Four species-specific PCR reactions were used to detect Mycoplasma gallisepticum, 
Mycoplasma synoviae, Mycoplasma meleagridis, or M. gallinarum. The Mollicutes positive and species negative samples 
were submitted do 16S rRNA sequencing. Eighteen (36%) of 50 seabirds tested positive for mycoplasma by culture. In the 
PCR for the genus, 28 (56%) of 50 seabirds were positive for Mycoplasma spp., with 13 (26%) detected in the trachea, one 
(2%) in the cloaca, and 14 (28%) in both sites. In the species-specific PCR, M. gallisepticum was detected in 17.8%, and M. 
meleagridis in 17.8%. Both species were detected in 14.3%. Of the isolates not characterized at species level, we obtained 
ten sequences and they were divided into three clusters. The first cluster was closely related to M. meleagridis, the second 
to M. synoviae, and the third grouped M. tully, M. gallisepticum, and M. imitans. Four and five of nine species of seabirds 
studied had mycoplasma detected by culture or PCR, respectively. Mycoplasmas were found in the majority of the animals 
studied, with the highest prevalence proportionally found in Sula leucogaster, and the lowest in Fregata magnificens. The 
phylogenetic analysis identified Mycoplasma spp. adapted to aquatic birds.
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Introduction

The occurrence of infectious diseases in wildlife can lead 
to the death of individuals, reducing genetic diversity, caus-
ing population decline, and thus posing a significant risk to 
endangered species. Additionally, these diseases can con-
tribute to endemic infections in domestic animals and to the 
introduction, reintroduction, and maintenance of pathogens 
in the natural environment [1]. Mycoplasma species with 
pathogenic potential in wild birds have been reported in vari-
ous species of free-ranging and captive birds [2–4].

Mycoplasmas are the smallest known prokaryotes and are 
associated with respiratory [5], joint-related [6], reproduc-
tive [7–9] and ocular diseases [10, 11]. Additionally, they 
create favorable environments for the development of sec-
ondary infections [12]. Mycoplasma gallisepticum (MG), 
Mycoplasma synoviae (MS), and Mycoplasma meleagridis 
(MM) are the main species isolated in birds and included 
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in notification list of the World Organization for Animal 
Health and the Brazilian Ministry of Agriculture and Live-
stock [13, 14].

In seabirds, more specifically, penguins and pelicans, 
various species of mycoplasmas have been described. M. 
sphenisci was the first mycoplasma species described in 
Spheniscus demersus and already detected in a fecal sample 
of Pygoscelis adeliae. M. lipofasciens was isolated from an 
Eudyptes pachyrhynchus, Mycoplasma tullyi sp. nov (MT) 
from Spheniscus humboldti, and microorganisms from the 
Micoplasmataceae family were observed in King Penguins 
(Aptenodytes patagonicus). All these agents were isolated 
from different sites; however, of the described species, only 
M. sphenisci and M. lipofasciens caused disease [4, 15–18]. 
Mycoplasma spp. was detected through PCR in Pelecanus 
onocrotalus, that arrived in Cape Town, South Africa [19] 
49 animals. Despite these reports, studies focused on the 
prevalence of Mycoplasma spp. in marine birds are scarce.

Therefore, the aim of this study was to investigate the 
presence of Mycoplasma spp. and identify the species of 
isolates obtained from seabirds found on the beaches of the 
Brazilian coast.

Material and methods

Ethics statement

This project was submitted and approved under number 
2723170122 (ID 001378) by the Ethics Committee on Ani-
mal Use (CEUA) of the Federal University (UFF) and by 
the Authorization and Information System on Biodiversity 
(SISBIO-ICMBio) under number 63456.

Samples

Tracheal and cloacal material from 50 free-living, debili-
tated marine birds of both sexes, with or without symptoms 
compatible with mycoplasmosis, were collected by using 
sterile swabs. These birds were rescued from three reha-
bilitation centers located in Rio de Janeiro, São Paulo, and 
Espírito Santo states, Brazil. The birds belong to 9 different 
species: Spheniscus magellanicus (n = 22), Fregata mag-
nificens (n = 9), Sula leucogaster (n = 9), Sula dactylatra 
(n = 2), Larus dominicanus (n = 1), Puffinus gravis (n = 1), 
Thalasseus acuflavidu (n = 2), Thalasseus maximus (n = 1), 
Phalacrocorax brasilianus (n = 3).

The collected material was placed in tubes containing 
3.0 ml of liquid Frey medium [20] and sent under refrigera-
tion to the NAL/UFF Laboratory for mycoplasma isolation 
and to the Laboratory of Molecular Epidemiology- LEpidM/
UFF for molecular analysis.

Isolation of Mycoplasma spp. by culture

From each animal, an aliquot of 0.2 mL of the collected 
sample was inoculated into 1.8 mL of liquid Frey medium. 
Subsequently, serial dilutions were performed and the 10–5 
dilution was inoculated onto plates containing solid Frey 
medium. All samples were incubated at 36 °C ± 1 °C under 
microaerophilic conditions. The verification of typical 
mycoplasma colony growth, resembling fried eggs on solid 
medium, was performed under a stereoscopic microscope at 
40 × magnification every 48 h for a period of up to 21 days. 
Plates with colonies exhibiting mycoplasma-like charac-
teristics on the solid medium were examined using Dienes 
staining and a digitonin sensitivity test to confirm that they 
were Mycoplasma spp.

Once identified as Mycoplasma spp., the colonies were 
purified three times according to the method described by 
Brown and collaborators (2007) [21] for strain isolation and 
subsequent identification by PCR.

DNA extraction and PCR

Briefly, 500 μL aliquots of the tracheal and cloacal swab 
samples immersed in Frey medium, as well as the isolated 
cultures from each animal, underwent DNA extraction using 
the adapted phenol–chloroform method [22]. The extracted 
DNA was quantified and its quality assessed using a spectro-
photometer (Biodrop®). The samples were subjected to PCR 
for the Mollicutes class, and primers complementary to the 
conserved sequence of the 16S rRNA gene were used [23]. 
DNA from MS ATCC 25204 was used as a positive control.

A "Mollicutes-specific" 16S rRNA PCR reaction was 
employed for triage. Four species-specific PCR reactions 
were used to detect M. gallisepticum, M. synoviae, M. melea-
gridis, or M. gallinarum (Table 1). The Mollicutes positive 
and species negative samples were submitted do 16S rRNA 
sequencing. As a positive control for the PCR, strains of M. 
gallisepticum ATCC 19610 and M. synoviae ATCC 25204 
were used. For the reactions involving M. meleagridis and 
M. gallinarum, the controls were obtained from the sample 
bank of the NAL and LEpidM Laboratories.

The reactions were carried out in a PTC-Thermal Cycler 
100® (Bio-Rad Laboratories, Ltd., Hertfordshire, England). 
The primer sequences, amplification conditions, and sizes of 
the PCR amplicons are specified in Table 1.

Sequencing and phylogenetic analysis

Ten strains identified as Mycoplasma spp. by the digitonin 
test, Dienes staining, and tested negative for the species in 
the PCR, had the 16S rRNA region amplified and sequenced 
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a as previously described [18] (Table 1). The products from 
positive PCR assays were purified and sequenced. For 
amplicon purification, the QIAquick PCR Purification Kit 
(Qiagen) was used. The reactions were conducted by the 
PDTIS Sequencing Platform of the Oswaldo Cruz Institute 
(IOC/Fiocruz, Brazil) on an automated DNA sequencer, 
Applied Biosystems ABI Prism 3730 (Applied Biosys-
tems®, Foster City, California, EUA).

The DNA sequences obtained were assembled using the 
Lasergene software (DNASTAR, Madison, USA). Subse-
quently, they were compared to sequences deposited in 
GenBank® using the Blast tool to attempt species-level 
identification. All sequences were deposited in GenBank® 
under accession numbers OR104955 to OR104964.

Phylogeny was inferred using the Maximum Likeli-
hood method and the Kimura 2-parameter model [24]. 

The samples were compared with 16S rRNA sequences 
from other Mycoplasma species isolated from domestic 
and wild birds. Evolutionary analyses were conducted in 
MEGA X [25].

Results

Culture

Eighteen (36%) out of the 50 birds studied, tested positive 
for mycoplasma by culture. Regarding the anatomical site, 
typical mycoplasma colonies (Fig. 1) were observed in 13 
(26%) samples from the trachea, one (2%) from the cloaca, 
and four (8%) in both sites.

Table 1   Primer sequences, amplification conditions, and amplicons size used in the present study

Bp base pair, F forward, R reverse, *Round 1, **Round 2, *** Primers for DNA Sequencing

Target Primer sequence (5’-3’) Amplification conditions Product Size
(bp)

GPO3
MGSO

16S rRNA F:GGG​AGC​AAA​CAG​GAT​TAG​ATA​CCC​T
R:TGC​ACC​ATC​TGT​CAC​TCT​GTT​AAC​CTC​

94 °C, 5′ 94 °C, 1’, 55 °C 1’, 
72 °C 2’, 72 °C 10’

280

M. gallisepticum DUF3713 lipoproten *F: GGA​TCC​CAT​CTC​GAC​CAC​GAG​AAA​A
*R CTT​TTC​AAT​CAG​TGA​GTA​ACT​GAT​GA
**F: CGT​GGA​TAT​CTT​TAG​TTC​CAG​CTG​C
**R: GTA​GCA​AGT​TAT​AAT​TTC​CAG​GCA​T

95 °C, 5′ 95 °C, 1’, 55 °C 2’,
72 °C 1’, 72 °C 5’
95 °C, 5′ 95 °C, 1’, 55 °C 2’,
72 °C 1’, 72 °C 7’

732
481

M. synoviae 16S rRNA F: GAG​AAG​CAA​AAT​AGT​GAT​ATCA​
R:CAG​TCG​TCT​CCG​AAG​TTA​ACAA​

94 °C, 1′ 94 °C, 301’, 55 °C 30’’,
72 °C 1’, 72 °C 5’

207

M. gallinarum 16S-23S rRNA intergenic F: ATA​GCA​GTT​GGA​AAC​TAT​
R: AGT​TTA​CAA​CCC​ATA​GGG​CC

94 °C, 5′ 94 °C, 1’, 55 °C 1’,
72 °C 1’, 72 °C 5’

297

M. meleagridis 16S rRNA F: CGA GCG AAG TTT TTC GGA AC
R: GGT​ACC​ GTC AGG ATA AAT GC

94 °C, 5′ 94 °C, 30’’, 56 °C 30’’,
72 °C 30’’, 72 °C 10’

422

16S-start F***
16S-550 R ***

16S rRNA F: GAG​AGT​TTG​ATC​CTG​GCT​CAGG​
R: CCC​AAT​AAA​TCC​GGA​TAA​CGC​TTG​C

94 °C, 3′ 94 °C, 30’’, 57 °C 30’’,
72 °C 1′30’’, 72 °C 5’

550

16S-510 F ***
16S-1050 R ***

16S rRNA F: GTG​ACG​GCT​AAC​TAT​GTG​CCA​GCA​G
R: GCT​GAC​GAC​AAC​CAT​GCA​CC

94 °C, 3′ 94 °C, 30’’, 57 °C 30’’,
72 °C 1′30’’, 72 °C 5’

540

16S-980 F***
16S-end R ***

16S rRNA F: CGA​AGA​ACC​TTA​CCC​ACT​CTT​GAC​ATC​
R: GGT​AAT​CCA​TCC​CCA​CGT​TCTCG​

94 °C, 3′ 94 °C, 30’’, 57 °C 30’’,
72 °C 1′30’’, 72 °C 5’

500

Fig. 1   A and B "Fried egg" 
shaped colonies observed from 
different samples under a ste-
reoscopic microscope (40X)
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PCR

Twenty eight (56%) out of the 50 birds studied tested posi-
tive for Mycoplasma spp., by PCR assays, with 13 (26%) in 
the trachea, one (2%) in the cloaca, and 14 (28%) in both 
sites.

In the species-specific PCR M. gallisepticum and M. 
meleagridis were equally detected in 17.8% (5/28) of the 
birds. Both mycoplasmas were detected in 14.3% (4/28) of 
the animals. In the remaining 50% (14/28) of the animals, 
it was not possible to characterize the mycoplasma species 
with the primers used.

Considering the nine species of marine birds studied, 
four were positive in isolation (Spheniscus magellanicus, 
Sula leucogaster, Larus dominicanus e Phalacrocorax 
brasilianus) and five were positive in PCR, specifically 
Spheniscus magellanicus, Fregata magnificens, Sula leu-
cogaster, Sula dactylatra, Larus dominicanus e Phalacro-
corax brasilianus.

Sequencing and phylogenetic analysis

The sequences obtained were assigned GenBank acces-
sion numbers from OR104955 to OR104964. The strains 
obtained in this study showed approximately 98% similarity 
to strains detected in other birds, mostly seabirds and were 
divided into three clusters. The first cluster is represented 
by strains closer to M. meleagridis, the second with strains 
more related to M. synoviae and the third cluster, more dis-
tant, grouped a single sample detected in this study with M. 
tullyi, M. gallisepticum e M. imitans (Fig. 2).

Discussion

Mycoplasmas are host-specific, but they have a great capac-
ity to adapt to new hosts [26], and in their opportunistic 
nature, they can cause disease when birds are under con-
ditions of stress. Currently, new mycoplasma species have 

Fig. 2   - A phylogenetic tree inferred from the 16S rRNA sequences of Mycoplasma spp. strains isolated in this study (♦) and sequences of other 
avian mycoplasmas deposited in Genbank ®. The accession numbers of the strains are indicated in parentheses
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been described [8, 18]. In this context, the results of this 
study contributed to the detection of mycoplasmas adapted 
to aquatic birds, with the possibility of being new myco-
plasma species.

In this study, the presence of Mycoplasma spp. was con-
firmed in six species, distributed across five families of 
marine birds. Although most of the studied birds were weak 
and debilitated, they did not show signs of respiratory, joint, 
or gastrointestinal diseases.

The trachea was the site with the highest detection by 
both methods. However, the detection of mycoplasmas in 
the cloaca highlights that this site should be explored in 
health monitoring. Mycoplasmas are responsible for infer-
tility in domestic birds [12, 27] and can be found in the 
semen of wild birds [8, 9]. These microorganisms can be 
a cause of failure in captive bird breeding programs and 
should be taken into consideration, especially when dealing 
with threatened bird species.

In this investigation, M. gallisepticum was detected by 
PCR only in penguins, a result similar to that found by [28], 
while M. meleagridis was found in both penguins and gan-
nets. The detection of M. gallisepticum and M. meleagridis 
in marine birds is a cause for concern since both myco-
plasma species are responsible for economic losses in indus-
trial chicken and turkey production [29]. Furthermore, M. 
gallisepticum has already shown the ability to adapt to new 
species and become highly virulent [30–33].

In the M. meleagridis cluster, M. lipofaciens (AF221115), 
M. sphenisci (NR115318.1) were grouped with strains 
isolated from Phalacrocorax brasilianus (KX786695), 
pelicans (FM878040, AM182890), Sphenisci humboldti 
(KX786690.1), Spheniscus magellanicus (MN150548) and 
five strains from this study, isolated from Spheniscus magel-
lanicus (OR104955, OR104958, OR104963), Larus domini-
canus (OR104956) and Sula leucogaster (OR104964). 
Until now, only M. lipofaciens e M. sphenisci have been 
detected, respectively, in penguins with pneumonia and 
recurrent mucopurulent nasal discharge [4, 16]. However, 
these authors did not have data to infer the pathogenicity 
of M. lipofaciens and M. sphenisci in penguins. Sawicka-
Durkalec et al. (2021) [34] obtained strains in Larus canus 
that were close to the strain KX786695, as well as sequences 
found in a Larus dominicanus and a Sula leucogaster. These 
authors report that Mycoplasma spp. may be part of the 
normal microbiota of seagulls, as these microorganisms are 
present in healthy birds. Our results corroborate with these 
authors, as the seagull in this study did not show signs of 
mycoplasmosis.

The strain OR104957 from the Cormorant and the strains 
OR104960, OR104961, and OR104962 obtained from Sphe-
niscus magellanicus were grouped in a second cluster with 
proximity to M. synoviae, M. anatis and a strain obtained 
from Larus dominicanus (FM878637). Reports of M. 

synoviae in wild birds are infrequent. Parsons et al. (2016) 
[35] reported the presence of Mycoplasma synoviae anti-
bodies in Spheniscus demersus and Sawicka-Durkalec et al. 
(2021) [34] reported the occurrence of Mycoplasma spp. in 
Phalacrocorax hich belongs to the Phalacrocoracidae fam-
ily, which includes Phalacrocorax brasilianus in this study.

The strain NALUFF12/22 (OR104959) obtained from 
Spheniscus magellanicus was grouped in a more distant 
cluster, staying close to M. gallisepticum, M. imitans, and 
M. tullyi. Mycoplasma tullyi was described by Yavari et al. 
(2017) [18] as a species isolated from Sphenisci humboldti, 
related to M. gallisepticum and M. imitans.

In this research, the phylogenetic analysis detected Myco-
plasma spp. adapted to aquatic birds, as these mycoplasmas 
had common ancestors with M. anatis, M. sphenisci, and 
greater similarity to mycoplasmas from aquatic birds, in 
addition to being considered species-specific [4, 9, 18].

Mycoplasmas were present in most of the bird species 
studied. This is the first report of Mycoplasma meleagridis 
in Sula dactylatra, Sula leucogaster and Spheniscus magel-
lanicus from Brazil. The presence of mycoplasmas due their 
opportunistic nature should be considered in the rehabilita-
tion programs for marine birds. Veterinarians and caregivers 
should adopt preventive measures to avoid the contamination 
of these birds in the recovery centers, which could make 
them agents of mycoplasma dissemination.

Acknowledgements  To the Argonauta Institute, the Marine Animal 
Rehabilitation Center of Santa Úrsula University (CRAS USU), insti-
tutions belonging to the Beach Monitoring Program of the Santos 
Basin (PMP-BS) and the Espirito Santo Marine Animal Research and 
Rehabilitation Institute (IPRAM), for the sample collection. Thanks to 
professors Elmiro Rosendo do Nascimento and Mosar Lemos, for their 
support in mycoplasma research.

Declarations 

Competing interests  The authors have no conflict of interest to declare.

References

	 1.	 Pearson HE, Toribio JALML, Lapidge SJ, Hernández-Jover M 
(2016) Evaluating the risk of pathogen transmission from wild 
animals to domestic pigs in Australia. Prev Vet Med 123:39–51. 
https://​doi.​org/​10.​1016/j.​preve​tmed.​2015.​11.​017

	 2.	 Magalhães BSN, Pereira VLA, Dias TS et al (2020) Investigation 
of Mycoplasma spp. In birds of the Rio de Janeiro Zoo by isola-
tion and PCR. Pesqui Vet Bras 40:220–225. https://​doi.​org/​10.​
1590/​1678-​5150-​PVB-​6447

	 3.	 Benskin CMWH, Wilson K, Jones K, Hartley IR (2009) Bacterial 
pathogens in wild birds: a review of the frequency and effects of 
infection. Biol Rev 84:349–373. https://​doi.​org/​10.​1111/J.​1469-​
185X.​2008.​00076.X

	 4.	 Frasca S, Scott Weber E, Urquhart H et al (2005) Isolation and 
Characterization of Mycoplasma sphenisci sp. nov. from the 
Choana of an Aquarium-Reared Jackass Penguin (Spheniscus 

https://doi.org/10.1016/j.prevetmed.2015.11.017
https://doi.org/10.1590/1678-5150-PVB-6447
https://doi.org/10.1590/1678-5150-PVB-6447
https://doi.org/10.1111/J.1469-185X.2008.00076.X
https://doi.org/10.1111/J.1469-185X.2008.00076.X


	 Brazilian Journal of Microbiology

demersus). J Clin Microbiol 43:2976–2979. https://​doi.​org/​10.​
1128/​JCM.​43.6.​2976-​2979.​2005

	 5.	 Roussan DA, Khawaldeh G, Shaheen IA (2015) A survey of 
Mycoplasma gallisepticum and Mycoplasma synovaie with avian 
influenza H9 subtype in meat-type chicken in Jordan between 
2011–2015. Poult Sci 94:1499–1503. https://​doi.​org/​10.​3382/​ps/​
pev119

	 6.	 Van Wettere AJ, Ley DH, Scott DE et al (2013) Mycoplasma 
corogypsi-associated polyarthritis and tenosynovitis in black vul-
tures (Coragyps atratus). Vet Pathol 50:291–298. https://​doi.​org/​
10.​1177/​03009​85812​457791

	 7.	 Catania S, Bilato D, Gobbo F et al (2010) Treatment of eggshell 
abnormalities and reduced egg production caused by mycoplasma 
synoviae infection. Avian Dis 54:961–964. https://​doi.​org/​10.​
1637/​9121-​110309-​Case.1

	 8.	 Fischer L, Möller Palau-Ribes F, Enderlein D et al (2020) Descrip-
tion, occurrence and significance of Mycoplasma seminis sp. nov. 
isolated from semen of a gyrfalcon (Falco rusticolus). Vet Micro-
biol 247:108789. https://​doi.​org/​10.​1016/J.​VETMIC.​2020.​108789

	 9.	 Grózner D, Sulyok KM, Kreizinger Z et al (2019) Detection of 
Mycoplasma anatis, M. anseris, M. cloacale and Mycoplasma sp. 
1220 in waterfowl using species-specific PCR assays. PLoS One 
14. https://​doi.​org/​10.​1371/​JOURN​AL.​PONE.​02190​71

	10.	 Dhondt AA, Tessaglia DL, Slothower RL (1998) Epidemic 
mycoplasmal conjunctivitis in house finches from Eastern North 
America. J Wildl Dis 34:265–280. https://​doi.​org/​10.​7589/​0090-​
3558-​34.2.​265

	11.	 Ley DH, Moresco A, Frasca S (2012) Conjunctivitis, rhinitis, and 
sinusitis in cliff swallows (Petrochelidon pyrrhonota) found in 
association with Mycoplasma sturni infection and cryptosporidi-
osis 41:395–401. https://​doi.​org/​10.​1080/​03079​457.​2012.​697624

	12.	 Nascimento ER, Pereira VLA, Machado LS (2020) Micoplas-
moses Aviárias. In: Doenças das Aves, 3rd edn. Facta, Campinas, 
pp 551–565

	13.	 World Organisation for Animal Health (2023) WOAH’s Animal 
Health Forum reshapes avian influenza prevention and control 
strategies. https://​www.​woah.​org/​en/​home/. Accessed 16 Jun 2023

	14.	 Ministério da Agricultura e Pecuária (MAPA) (2022) Mico-
plasma. https://​www.​gov.​br/​agric​ultura/​pt-​br/​assun​tos/​sanid​ade-​
animal-​e-​veget​al/​saude-​animal/​progr​amas-​de-​saude-​animal/​pnsa/​
micop​lasmas. Accessed 18 Jun 2023

	15.	 Banks JC, Cary SC, Hogg ID (2008) The phylogeography of Ade-
lie penguin faecal flora.https://​doi.​org/​10.​1111/j.​1462-​2920.​2008.​
01816.x

	16.	 Buckle K, Draper J, Humphrey S, Hunter S (2013) First Isolation 
In New Zealand Of Mycoplasma Lipofaciens, From The Lung Of 
A Fiordland Crested Penguin/Tawaki With Pneumonia. Surveil-
lance 40(2):5–6

	17.	 Dewar ML, Arnould JPY, Dann P et al (2013) Interspecific vari-
ations in the gastrointestinal microbiota in penguins. Microbiolo-
gyopen 2:195–204. https://​doi.​org/​10.​1002/​mbo3.​66

	18.	 Yavari CA, Ramírez AS, Nicholas RAJ et al (2017) Mycoplasma 
tullyi sp. nov., isolated from penguins of the genus Spheniscus. 
Int J Syst Evol Microbiol 67:3692–3698. https://​doi.​org/​10.​1099/​
ijsem.0.​002052

	19.	 Assunção P, De M, Machado P et al (2007) Prevalence of patho-
gens in Great White Pelicans (Pelecanusï¿¿onocrotalus) from the 
Western Cape, South Africa. J Appl Anim Res 32:29–32. https://​
doi.​org/​10.​1080/​09712​119.​2007.​97068​41

	20.	 Frey ML, Hanson RP, Andrson DP (1968) A medium for the isola-
tion of avian mycoplasmas. Am J Vet Res 29:2163–71

	21.	 Brown DR, Whitcomb RF, Bradbury JM, Daniel Brown CR 
(2007) Revised minimal standards for description of new spe-
cies of the class Mollicutes (division Tenericutes). Int J Syst Evol 
Microbiol 57:2703–2719. https://​doi.​org/​10.​1099/​ijs.0.​64722-0

	22.	 Sambrook J, Russell DW (2006) Purification of nucleic acids 
by extraction with phenol:chloroform. Cold Spring Harb Protoc 
2006:pdb.prot4455. https://​doi.​org/​10.​1101/​pdb.​prot4​455

	23.	 Van Kuppeveld FJ, van der Logt JT, Angulo AF et al (1992) 
Genus- and species-specific identification of mycoplasmas by 
16S rRNA amplification. Appl Environ Microbiol 58:2606–2615. 
https://​doi.​org/​10.​1128/​aem.​58.8.​2606-​2615.​1992

	24.	 Kimura M (1980) Journal of molecular evolution a simple 
method for estimating evolutionary rates of base substitutions 
through comparative studies of nucleotide sequences. J Mol Evol 
16:111–120

	25.	 Kumar S, Stecher G, Li M et al (2018) MEGA X: Molecular evo-
lutionary genetics analysis across computing platforms. Mol Biol 
Evol 35:1547. https://​doi.​org/​10.​1093/​MOLBEV/​MSY096

	26.	 Delaney NF, Balenger S, Bonneaud C et al (2012) Ultrafast evolu-
tion and loss of CRISPRs following a host shift in a novel wildlife 
pathogen, Mycoplasma gallisepticum. PLoS Genet 8:e1002511. 
https://​doi.​org/​10.​1371/​JOURN​AL.​PGEN.​10025​11

	27.	 Silva RL, Figueira AA, Silva MM et al (2021) Detection of myco-
plasma synoviae and other pathogens in laying hens with respira-
tory signs in the rearing and production phases. Rev Bras Cienc 
Avic 23. https://​doi.​org/​10.​1590/​1806-​9061-​2020-​1318

	28.	 Barreto ML, Pires J, Lemos M et al (2013) Mycoplasma gallisep-
ticum by PCR in glucose fermenting Mycoplasma isolates from 
Magellanic penguins (Spheniscus magellanicus) in Brazil. Proc 
Sixty-Second Western Poultr Dis Conf 62:73–75

	29.	 Yadav JP, Tomar P, Singh Y, Khurana SK (2022) Insights on 
Mycoplasma gallisepticum and Mycoplasma synoviae infection 
in poultry: a systematic review. Anim Biotechnol 33:1711–1720. 
https://​doi.​org/​10.​1080/​10495​398.​2021.​19083​16

	30.	 Fischer JR, Stallknecht DE, Luttrell MP et al (1997) Mycoplasmal 
conjunctivitis in wild songbirds: the spread of a new contagious 
disease in a mobile host population. Emerg Infect Dis 3:69. https://​
doi.​org/​10.​3201/​EID03​01.​970110

	31.	 Ley DH, Berkhoff JE, Levisohn S (1997) Molecular epidemio-
logic investigations of Mycoplasma gallisepticum conjunctivitis 
in songbirds by random amplified polymorphic DNA analyses. 
Emerg Infect Dis 3:375. https://​doi.​org/​10.​3201/​EID03​03.​970318

	32.	 Nolan PM, Hill GE, Stoehr AM (1998) Sex, size, and plumage 
redness predict house finch survival in an epidemic. Proc R Soc 
Lond B Biol Sci 265:961–965. https://​doi.​org/​10.​1098/​rspb.​1998.​
0384

	33.	 Staley M, Bonneaud C (2015) Immune responses of wild birds 
to emerging infectious diseases. Parasite Immunol 37:242–254. 
https://​doi.​org/​10.​1111/​PIM.​12191

	34.	 Sawicka-Durkalec A, Kursa O, Bednarz Ł, Tomczyk G (2021) 
Occurrence of Mycoplasma spp. in wild birds: phylogenetic analy-
sis and potential factors affecting distribution. Sci Rep 11:17065. 
https://​doi.​org/​10.​1038/​s41598-​021-​96577-0

	35.	 Parsons NJ, Gous TA, Schaefer AM, Vanstreels RET (2016) 
Health evaluation of African penguins (Spheniscus demersus) in 
southern Africa. Onderstepoort J Vet Res 83:1147. https://​doi.​org/​
10.​4102/​ojvr.​v83i1.​1147

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://doi.org/10.1128/JCM.43.6.2976-2979.2005
https://doi.org/10.1128/JCM.43.6.2976-2979.2005
https://doi.org/10.3382/ps/pev119
https://doi.org/10.3382/ps/pev119
https://doi.org/10.1177/0300985812457791
https://doi.org/10.1177/0300985812457791
https://doi.org/10.1637/9121-110309-Case.1
https://doi.org/10.1637/9121-110309-Case.1
https://doi.org/10.1016/J.VETMIC.2020.108789
https://doi.org/10.1371/JOURNAL.PONE.0219071
https://doi.org/10.7589/0090-3558-34.2.265
https://doi.org/10.7589/0090-3558-34.2.265
https://doi.org/10.1080/03079457.2012.697624
https://www.woah.org/en/home/
https://www.gov.br/agricultura/pt-br/assuntos/sanidade-animal-e-vegetal/saude-animal/programas-de-saude-animal/pnsa/micoplasmas
https://www.gov.br/agricultura/pt-br/assuntos/sanidade-animal-e-vegetal/saude-animal/programas-de-saude-animal/pnsa/micoplasmas
https://www.gov.br/agricultura/pt-br/assuntos/sanidade-animal-e-vegetal/saude-animal/programas-de-saude-animal/pnsa/micoplasmas
https://doi.org/10.1111/j.1462-2920.2008.01816.x
https://doi.org/10.1111/j.1462-2920.2008.01816.x
https://doi.org/10.1002/mbo3.66
https://doi.org/10.1099/ijsem.0.002052
https://doi.org/10.1099/ijsem.0.002052
https://doi.org/10.1080/09712119.2007.9706841
https://doi.org/10.1080/09712119.2007.9706841
https://doi.org/10.1099/ijs.0.64722-0
https://doi.org/10.1101/pdb.prot4455
https://doi.org/10.1128/aem.58.8.2606-2615.1992
https://doi.org/10.1093/MOLBEV/MSY096
https://doi.org/10.1371/JOURNAL.PGEN.1002511
https://doi.org/10.1590/1806-9061-2020-1318
https://doi.org/10.1080/10495398.2021.1908316
https://doi.org/10.3201/EID0301.970110
https://doi.org/10.3201/EID0301.970110
https://doi.org/10.3201/EID0303.970318
https://doi.org/10.1098/rspb.1998.0384
https://doi.org/10.1098/rspb.1998.0384
https://doi.org/10.1111/PIM.12191
https://doi.org/10.1038/s41598-021-96577-0
https://doi.org/10.4102/ojvr.v83i1.1147
https://doi.org/10.4102/ojvr.v83i1.1147

	Detection of Mycoplasma spp. in free-living seabirds
	Abstract
	Introduction
	Material and methods
	Ethics statement
	Samples
	Isolation of Mycoplasma spp. by culture
	DNA extraction and PCR
	Sequencing and phylogenetic analysis

	Results
	Culture
	PCR
	Sequencing and phylogenetic analysis

	Discussion
	Acknowledgements 
	References


