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Captive breeding of avian species, both for
commercial and conservation purposes, demands
healthy breeders for viable healthy progenies.
Commercially raised pets must be healthy for
market viability and considering the conservation
projects, sufficient and health progeny numbers
are required, especially for the endangered
species. Native Brazilian species, endangered or
extinct from nature, have been reproduced in
captivity and the obtained progenies have
enabled their return to nature, as demonstrated
for Amazona aestiva (Lopes, 2016), Aburria
jacutinga, Crax blumenbachii, and Pauxi mitu in
Brazil (Avelar and Simpson, 2014; Silveira,
2017).

Both natural and artificial incubation may be
impaired by embryonic disease, despite artificial
incubation may enable the hygienic control of
eggs and the elimination of parental/nest
transmission  (Smith, 2019). Species of
Mycoplasma spp. are amongst agents capable of
causing embryonic and hatchling mortality
(Kleven, 2008), and although most species were
described in chickens and turkeys, 17 species
were found in wild avian hosts, including
Mycoplasma buteonis, M. corogypsi, M. falconis,
M. gypis and M. sturni (Luttrell and Fischer,
2007). However, M. gallisepticum (MG) was
isolated from house finches (Carpodacus
mexicanus)  with  conjunctivitis in  the
surroundings of poultry houses (Ley et al.,
1996), which indicated spill over from chickens
to passerines. MG, M. synoviae (MS) and M.
meleagridis (MM) are long been known for
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causing high economic losses to the poultry
industry (Kleven, 2008), and for this reason
monitored for eradication in breeder flocks, as
determined by the National Avian Health
Program (Programa Nacional de Sanidade
Avicola- PNSA) (Brasil, 2009), considering that
vertical transmission may generate infected
progenies (Lay and Yoder, 1996).

Despite its potential importance, few studies
have been dedicated to evaluating embryonic
infection by Mycoplasma in pet or wild birds.
We describe the investigation of avian
Mycoplasma in embryos of exotic or native
psittacine  species  (Aves:  Psittaciformes)
reproduced by artificial incubation.

Forty-nine incubating eggs of Psittaciformes
(Table 1) were studied. At the hatchery of
commercial exotic pet (n=32) or conservation
native breeder (n=17) facilities, eggs were
candled and those discarded due to embryonic
mortality, were saved for evaluation. According
to the time of embryonic death, eggs were
classified as of early, intermediate, or late
mortality. One dead-in-shell hatchling (Pionus
maximiliani) of a commercial facility was also
evaluated. The embryonic tissues of late
mortality embryos were collected separately for
DNA extraction. DNA purification was
performed by thermal extraction (Avian..., 2019)
for yolk or colony samples or using sodium
iodide-silicon dioxide for embryonic tissues
(Boom et al., 1990). Qualitative and quantitative
analyses of total DNA were performed
(NanoVue ®, GE Healthcare, UK) prior to
evaluation.
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PCR reactions were performed in a thermocycler
(Axygen-Maxygene, USA) for a universal
Mycoplasma  spp.  reaction, using the
oligonucleotides F5’-ACACCATGGGAGYTGGTAAT-
3> and R3’-CTTCWTCGACTTYCAGACCCAAGGCAT-
5 (12), with a 370-500 bp product, for
amplifying part of the 16S ribosomal RNA gene.
For the diagnosis of MG, the oligonucleotides
MG-14F 5’-GAGCTAATCTGTAAAGTTGGTC-3* and
MG-13R 5’-GCTTCCTTGCGGTTAGCAAC-3’
(Avian..., 2019) were used for the detection of a
185 bp product, representing part of the
cytoadhesin protein gene. Electrophoresis of
products was performed at 100V/ 40 min (Life
Technologies,  Gaithersburgh, MD, USA),
revealed by GelRed® (Biothium, CA, USA) and
visualized in a UV transilluminator (Hoefer, San
Francisco, CA, USA). The molecular mass of
products was estimated by comparing with a 100
bp ladder (Promega, Fitchburg, WI, USA).

Attempts for the cultivation of Mycoplasma from
one hatchling were performed in agar media
containing 15% horse serum, and added with
thalium acetate and penicillin, and incubated in
microaerophilic atmosphere (Ley et al., 1996).
Colonies were visualized in a stereo microscope
(Olympus SZX7, Japan).

Eggs of the commercial breeder, including both
exotic and native species, were shown to be
37.5% (12/32) positive for Mycoplasma spp.,
being detected in the vitelline sac/yolk (47.3%),
in the embryo carcass (26.3%), in the brain
(15.8%) or in the head (10.5%). All embryos
(17/17) of the conservation facility, all of which
Brazilian native, were detected positive in
diverse embryonic tissues (brain, liver, lung,
whole embryo, yolk). The Mycoplasma spp.
positive eggs were further tested for MG, with
none returning positive. The detailed results are
shown according to host species in Table 1. The
bacterial isolation was successful from one dead
hatchling of Pionus maximiliani (Fig. 1) and its
identification as Mycoplasma spp. was confirmed
by PCR.
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Considering the dead embryos of the exotic
species, Mycoplasma spp. was not detected in
samples (0/5) of Eclectus roratus, despite it was
detected in 4/26 (15.4%) eggs of Psittacula
krameri (brain, embryo carcass, head, yolk), and
in the Lorius lory egg sampled (yolK).

Among the eggs of the native species,
Mycoplasma spp. was detected in the yolk of 2/4
(50%) eggs of Amazona aestiva, also detected in
all  (2/2) embryos of  Anodorhynchus
hyacinthinus (brain, lung, liver, yolk), detected in
2 (n=3) (66%) eggs of Ara chloropterus (chorio-
allantoic liquid, yolk), and in one (1/2) of
Aratinga jandaya embryos (brain). A single egg
of Psittacara leucophthalmus (yolk tested) or
Pyrrhura cruentata (embryo carcass tested),
were available, and both were shown positive. In
contrast, the single egg of Pionus menstruus was
tested negative (yolk).

It was interesting to note that, according to the
time of embryonic death, mortalities were
distributed along the entire incubating period, in
contrast to previously described with chicken
embryos infected with MG, characterized by late
mortality (Kleven, 2008).

Samples were obtained from both exotic and
native psittacine embryos which died during the
incubation or at hatch, and the detection of
Mycoplasma in different tissues suggests a
systemic embryonic infection. A determining
role of the infection in the embryonic deaths was
indicated by the evaluations of vital organs, such
as brain, liver, or lung. In addition, its presence
in the vitelline sac/yolk of several embryos
would suggest ovarian infection of the breeders,
enabling vertical transmission (Ley, 1997). Late
embryonic death (at hatching) was detected in P.
maximiliani, shown positive both by PCR and
bacterial isolation, with Mycoplasma spp.
detected in the allantoic fluid (AF), in agreement
to previously shown that 2.3% chicken embryos
from M. synoviae infected hens may contain AF
infection (Bencina et al., 2005).
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Table 1. Evaluation of native and exotic psittacine eggs or hatchlings for Mycoplasma DNA by PCR

Species Common name Number of  Biological sample  Mycoplasma Mycoplasma IUCN
positive/total gallisepticum status*
Amazona aestiva Blue-fronted amazon 2/4 Vitelline sac/yolk - LC
Amazona Yellow-crowned 1/3 Vitelline sac/yolk - LC
ochrocephala amazon
Anodorhynchus Hyacinth macaw 2/2 Brain, lung, + - VU
hyacinthinus liver, vitelline sac/yolk
Ara chloropterus Red-and-green 1/3 Chorio-allantoic  fluid,; + - LC
macaw vitelline sac/yolk
Red-and-green 1/3 Embryo carcass, head + -
macaw
Aratinga jandaya  Jandaya parakeet 12 Brain + - LC
Eclectus roratus Eclectus parrot 0/5 Embryo carcass - - LC
Lorius lory Black-capped lory 11 Vitelline sac/yolk + - LC
Pionus menstruus  Blue-headed parrot 0/1 Vitelline sac/yolk - - LC
Pionus Scaly-headed parrot 11 Hatchling + - LC
maximiliani
Psittacara White-eyed parakeet 11 Vitelline sac/yolk + - LC
leucophthalmus
Psittacula Rose-ringed parakeet 1/26 Brain + - LC
krameri
1/26 Embryo carcass + -
1/26 Vitelline sac/yolk + -
1/26 Vitelline sac/yolk and + -
head
Pyrrhura Ochre-marked 11 Embryo carcass + - VU
cruentata parakeet

*LC, least concern; VU, vulnerable. (https://www.iucnredlist.org/).

The detection of Mycoplasma spp. DNA was
successful in all native species, except for the
only Pionus menstruus egg tested, and included
the detection and isolation in one dead hatchling
of Pionus maximiliani. However, all embryos
were tested negative for MG, results which were
somewhat surprising, taking into consideration
that a previous study found high rates of
detection of MG in mortalities at a triage center
(Gomes et al., 2010). However, the psittacines of
such previously tested premises were not retested
here. Also, the protocols employed by Gomes et
al. (2010) included broth enrichment (FREY),
methodology not performed here, which could
result in differences. The high indexes of MG
detection previously described (Gomes et al.,
2010) might possibly also be associated to the
presence of M. imitans in the psittacines, and
PCR products could only be differentiated using

restriction fragment analysis using Msel and Asel
(Lierz et al., 2008a) or sequencing. In addition,
the somewhat better biosafety standards of the
commercial or conservation facilities here tested,
as compared to the triage center (Gomes et al.,
2010), may also play a role for differences.
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In conservation facilities, different avian species
and origins are regularly incorporated into the
premises, without the possibility of an adequate
quarantine. Possibly, the absence of M. imitans
(Bradbury et al., 1987), in our samples, may have
resulted in MG negativity. Comparing results to
previously described occurrence (Gomes et al.,
2010), the risk conditions included differences in
the psittacine populations, management and
biosecurity. However, considering the
commercial breeder, quarantine may be a
common precaution.

Few studies were found regarding embryonic
infection in psittacines. A twenty-five percent
positivity for Mycoplasma was detected in
Germany in psittacines with respiratory disease
(Lierz and Hafez, 2008), but in none of the
clinically normal. These findings might indicate
that the clinical evaluation and retirement of
psittacine breeders from breeding, as based on
clinical signs, would be useful for reducing the
risk of producing infected embryos, in contrast to
chicken (Kleven, 2008) and raptors (Lierz et al.,
2008ab), which may have 100% subclinical
infection.

Arqg. Bras. Med. Vet. Zootec., v.75, n.6, p.1182-1187, 2023



Detection of Mycoplasma...

The lack of previous studies in Brazilian
psittacine embryos or young, did not allow local
comparisons. However, captive psittacines were
tested (cloaca, conjunctiva, and palate) in Recife
(Pernambuco, Brazil) and shown 6.6% positive
for Mycoplasma spp., but none for MG or MS
(Silva et al., 2016). These results corroborate
with our findings regarding the negativity to MG,
although a lower level of infection was detected,
possibly related to differences in transmission
conditions. In contrast, a blue-fronted Amazon
parrot individual with severe respiratory disease
was described with mixed MG and MS infections
(Gomes et al., 2012).

Wild passerines species mortalities by various
causes were studied in the USA and
mycoplasmas were associated to conjunctivitis
(Gonzélez-Astudillo et al.,, 2016). Egg
transmission of mycoplasmas was previously
investigated in an infected breeder geese flock
with low hatchability (51%) due to embryonic
mortality, with MG found in 13.9% and MS in
15.2% and mixed infection in 16% of eggs
(Ben¢ina et al., 1988). Fifteen avian species were
evaluated for the presence of Mycoplasma,
showing M. cloacale in the cloaca of 12
specimens of wild and domestic ducks and
domestic geese (Bradbury et al., 1987),
potentially spreading through feces, although not
associated with disease. Species of Anseriformes
(Anas platyrhynchos, Anas rubripes, Anas
strepera and Aythya valisineria) were also
investigated for Mycoplasma, being 37%
detected with M. cloacale and 18% identified
with M. anatis, with also unspecified isolates
(Goldberg et al., 1995). Previous studies using
bacterial isolation found 52% infected by
Mycoplasma (Bencina et al., 1987), evaluating
chickens, chicken embryos, turkeys, ducks,
geese, pigeons and Japanese quail and embryos.
M. anatis was isolated only from ducks and
geese, M. columbinum, M. columbinasale and M.
columborale detected only in pigeons, and M.
meleagridis and M. gallopavonis only in turkeys,
M. lipofaciens detected in a turkey and a duck.
M. cloacale was detected in one chicken, turkey
and a duck and M. gallinarum in a turkey. M.
synoviae was the most frequently isolated
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(41.8%) and M. gallinarum, M. gallinaceum, M.
pullorum, M. glycophilum and M. lipofaciens
were the least detected. Considering host range,
M. synoviae and MG had similarly wide host
spectrum.

Isolation was successful for one hatchling of
scaly-headed parrot. Typical colonies (Fig. 1)
were collected and confirmed as Mycoplasma
spp. by PCR, but not MG. Isolation is considered
difficult, and obstacles might be associated with
post mortem degradation or antibiotic treatment,
both common conditions in the study.

Figure 1. Isolated colonies of Mycoplasma spp.
grown of the conjunctiva of a scaly-headed
parrot (Pionus maximiliani) hatchling on agar
media containing 15% horse serum added with
thalium  acetate and penicillin, in a
microaerophllic atmosphere.

Mycoplasma spp. but not M. gallisepticum, was
detected in ¥ of dead psittacine embryos and the
infection may have a role in part of the
embryonic deaths, as well as post hatch viability.
The regular monitoring for Mycoplasma of avian
flocks, especially breeders during the
reproduction season, possibly ideally mandatory,
including of pet facilities, exotic or native, and of
conservation avifauna, is considered essential for
the successful production of healthy embryos and
progenies.

Keywords: Psittaciformes, Mycoplasma spp.
vertical transmission, embryonic mortality
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RESUMO

Quarenta e nove ovos embrionados de Psittaciformes com embriGes que morreram durante a incubacéo
foram examinados, provenientes de criatorio comercial de aves de espécies exdticas ou nativas, ou
provenientes de instituicdo de conservacdo de espécies da avifauna. Os ovos foram classificados, de
acordo com o momento da morte, em mortalidade precoce, intermediaria ou tardia. Conforme a idade
embrionéria, embrides inteiros ou tecidos embrionarios foram coletados para extragdo de DNA e cultivo
bacteriol6gico em &gar contendo acetato de talio, soro equino e penicilina. Entre os embrides de espécies
exaticas, 37,5% (12/32) foram detectados positivos para Mycoplasma spp. Considerando os embrifes
das espécies nativas, 52,4% foram detectados positivos (11/21). O DNA de Mycoplasma spp. foi
detectado em um filhote de Pionus maximiliani morto na eclosdo. Testes adicionais dos embrides e das
coldnias por PCR, com protocolo especifico para M. gallisepticum, ndo revelaram nenhum resultado
positivo. As implicacBes da presenca de Mycoplasma na viabilidade embrionaria e de filhotes de espécies
de aves comerciais ou de conservagao sdo discutidas.

Palavras-chave: Psittaciformes, Mycoplasma spp. transmissdo vertical, mortalidade embrionaria
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