Evidence of Mycoplasma spp. transmission by migratory wild geese
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ABSTRACT Mycoplasma infections have been found
in different species of waterfowl worldwide. However,
the question of how the pathogens have been transmit-
ted and dispersed is still poorly understood. Samples col-
lected from clinically healthy greater white-fronted
geese (Anser albifrons) (N = 12), graylag geese (Anser
anser) (N = 6), taiga bean geese (Anser fabalis)
(N = 10), and barnacle geese (Branta leucopsis) (N = 1)
were tested for Mycoplasma spp. All Mycoplasma-posi-
tive samples were specified by species-specific PCR. for
Mycoplasma anserisalpingitidis (formerly known as
Mycoplasma sp. 1220), M. anseris, M. anatis, and M.
cloacale. The presence of Mycoplasma spp. was con-
firmed in 22 of 29 sampled birds (75.9%). Mycoplasma
anserisalpingitidis was the most frequently detected spe-
cies (15 of 22, 68.2%). However, we did not detect any of
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INTRODUCTION

Wild waterfow] are reservoirs or vectors of many bac-
terial and viral diseases. Ordinarily, one pathogen can
be spread to a broad range of bird species from different
orders. However, mycoplasmas are known to be host-
specific microorganisms. Usually, bird hosts are vectors
of Mycoplasma species but infection does not develop
clinical signs of disease in them (Gharaibeh and Hai-
lat, 2011). However, an exception was discovered, where
clinical signs were noticed in 2 peregrine falcons (Falco
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the other Muycoplasma spp. typical for geese, among
which are M. anatis, M. anseris, and M. cloacale. Phylo-
genetic analysis revealed that Polish sequences of M.
anserisalpingitidis formed a distinct branch, along with
2 Hungarian isolates obtained from domestic geese.
Eight of the samples identified as Mycoplasma spp.-posi-
tive were negative for the aforementioned Mycoplasma
species. A phylogenetic tree constructed based on partial
16S rRNA gene analysis showed that Mycoplasma spp.
sequences collected from Polish wild geese represent a
distinct phylogenetic group with Mycoplasma sp. strain
2445 isolated from a domestic goose from Austria. The
results of our study showed that wild geese could be a
reservoir and vector of different species of the Myco-
plasma genus that can cause significant economic losses
in the domestic goose industry.

, phylogeny, waterfowl, wild geese
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peregrinus) infected with Mycoplasma gallisepticum
(MG), a common poultry pathogen. Those birds were
kept in a rehabilitation center and carcasses of infected
chickens were the possible source of infection
(Poveda et al., 1990). One well-documented case of
adaptation to a new host was the transmission of MG to
wild passerines (Dhondt et al., 2014). Nevertheless, sev-
eral previous reports described the spread of mycoplas-
mosis between wild and domestic birds of the same
order. As a specific chicken and turkey pathogen, MG
was detected in wild birds belonging to the Galliformes
order such as lesser prairie chickens ( Tympanuchus pal-
lidicinctus) (Hagen et al., 2002) and wild turkeys
(Meleagris gallopavo) (Luttrell et al., 1991; Fritz et al.,
1992). However, clinical signs of disease were observed
only in wild turkeys (Davidson et al., 1982). Respiratory
disorders and sinusitis caused by MG infection were
reported more frequently in game birds of the order Gal-
liformes such as pheasants (Welchman et al., 2002;
Bencina et al., 2003; Cookson and Shivaprasad, 2016),
quails (Tirkymaz et al, 2007), and partridges
(Bradbury et al., 2001; Vitula et al., 2011). Literature
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data suggest that transmission of the pathogen was asso-
ciated with contact of birds with infected commercial
poultry (Hoffman et al., 1997; Bencina et al., 2003).
However, phylogenetic analysis of MG isolates obtained
from different avian species showed that the pathway of
disease  transmission  could be  bidirectional
(Hochachka et al., 2013; Beko et al., 2019).

Four mycoplasmas including M. anseris, M. anatis,
M. cloacale, and M. anserisalpingitidis, formerly known
as Mycoplasma sp. 1220, are specific to anserids. The
presence of all these species was identified in both clini-
cally healthy birds and birds with clinical signs of infec-
tion. The manifestation of clinical signs is usually
associated with other environmental factors such as
inadequate housing conditions or stress. Salpingitis, clo-
aca and phallus inflammation, airsacculitis, and embryo
death are the most frequent symptoms in infected flocks
of commercial waterfowl. In the literature, there are a
few examples of Mycoplasma spp. isolation from healthy
wild waterfowl. However, previous works have focused
only on wild ducks. Poveda et al. (1990) were some of
the first who confirmed the presence of M. anatis in
northern shovelers (Spatula clypeata). The next cases
from which M. anatis was isolated were described in
American black ducks (Anas rubripes) and mallards
(Anas platyrhynchos) (Goldberg et al., 1995). Another
study conducted using the serological method proved
high rates of M. anatis transmission among wild ducks
(Samuel et al., 1996). Information on the occurrence of
Mycoplasma spp. in wild geese is scarce. However,
Gyuranecz et al. (2020) found that M. anserisalpingiti-
dis isolated from Chinese swan geese (Anser cygnoides)
showed high genetic similarity with the European iso-
lates.

Our article describes the prevalence of Mycoplasma
spp- in different species of healthy wild geese. Myco-
plasma-positive samples were subjected to further
molecular and phylogenetic characterization to investi-
gate their epidemiological relationships. We consider if
there is any common species of Mycoplasma spp.
detected in wild geese, if there is a dominant species of
wild goose that could be a reservoir of Mycoplasma spp.,
if migratory waterfowl could be a reservoir of Myco-
plasma spp., and if there is evidence of transfer of Myco-
plasma spp. between domestic and wild waterfowl.

MATERIALS AND METHODS
Sample Collection

Samples were taken from a total of 29 clinically
healthy wild geese belonging to 4 species: the greater
white-fronted goose (Anser albifrons; N = 12), graylag
goose (Anser anser; N = 6), Taiga bean goose (Anser
fabalis; N = 10), and barnacle goose (Branta leucopsis;
N = 1). The geese were hunt prey between 2019 and
2020 in Warminsko-Mazurskie voivodship, Poland
(GPS 54.1006156, 21.0281888). All the birds were shot
during regular hunts that were compliant with the legal
regulations. No ethical committee permission was

required as the swabs were collected postmortem. One
sample (cloacal swab) was taken from a live barnacle
goose that was captured by an ornithologist carrying
out the Polish national avian influenza monitoring pro-
gram in Gdynia, Pomorskie voivodship. The program is
carried out by the laboratory of the Department of Poul-
try Diseases of the NRVI under the Council Directive
2005/94/EC of 20 December 2005 on Community meas-
ures for the control of avian influenza and repealing
Directive 92/40/EEC85. No ethical permission was
needed for such kind of study according to the Local
Ethical Committee and Directive 2010/63/EU of the
European Parliament and of the Council of 22 Septem-
ber 2010 on the protection of animals used for scientific
purposes (Chapter I, article 1, p. 5 b, e, f). Oropharyn-
geal and cloacal swabs were taken from 24 birds while
only cloacal swabs were taken from 4 taiga bean geese
and 1 barnacle goose (Table 1). The samples were col-
lected using swabs with a commercial transport system
(ESwab Collection and Transport System, Copan Diag-
nostic, Murrieta, CA). The DNA was extracted directly
from 200 pL of transport medium that was centrifuged
at 20,000 x g for 60 s. The DNA was extracted using a
QIAamp DNA Mini Kit (Qiagen, Hilden, Germany) fol-
lowing the manufacturer’s recommendations and the
extracted DNA was frozen immediately and stored at
—20°C for further analyses.

PCR Assay

A conventional PCR according to Lierz et al. (2007)
with primers directed at the 16S rRNA gene was used
with modifications as a screening method for detection
of Mycoplasma spp. The PCR reaction mixture con-
sisted of 2.5 uL of 10 x PCR buffer, 1 uL (10 uM) of
deoxyadenosine triphosphate, deoxycytidine triphos-
phate, deoxyguanosine triphosphate, and deoxythymi-
dine triphosphate, 0.5 uL of MgCl, (1.5 mM), 1 uL of
each primer (10 uM), 0.3 pL of OptiTaq polymerase
(2 U, EURx, Gdansk, Poland), 4 uL of Q solution (Qia-
gen, Hilden, Germany), 12.7 uL of water and 2 uL of
the DNA sample. The following thermal cycling parame-
ters were applied: 94°C for 4 min, followed by 40 cycles
of 94°C for 30 s, 60.8°C for 1 min, and 68°C for 1 min,
and a final extension of 68°C for 10 min. The reaction
was performed in a T-Personal thermocycler (Biometra,
Goettingen, Germany). The Mycoplasma-positive sam-
ples were tested for M. anseris, M. anatis, M. cloacale,
and M. anserisalpingitidis using species-specific primers
as specified by Grézner et al. (2019). All products ampli-
fied by PCR were separated by electrophoresis on a 2%
agarose gel stained with ethidium bromide and subse-
quently visualized by UV transillumination.

DNA Sequencing and Phylogenetic Analysis

Sequencing was performed on PCR products that pro-
duced strong bands following gel electrophoresis. Nucle-
otide sequences were determined by the Sanger method
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Table 1. The number of individual birds tested for Mycoplasma spp. by polymerase chain reaction (PCR).

Taiga bean goose (Anser fabalis)
Barnacle goose (Branta leucopsis)

Greater white-fronted goose

Species
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in a commercial laboratory (Genomed, Warsaw,
Poland). Selected amplification products of the rpoB
and 16S rRNA genes were sequenced in both directions
with the forward and reverse amplification primers.
Nucleotide sequences were compared and aligned with
selected and publicly available sequences from the Gen-
Bank database. The sequences of the rpoB gene were
deposited in the GenBank database under accession nos
MW365715 to MW365727 and MW598190 to
MW598191. These sequences of the 16S rRNA gene
were also deposited in the GenBank database under
accession nos MT374119, MT374249, MW355420,
MW355421, MW355428, MW355429, MW355432, and
MW355439.

To assess the phylogenetic relationship between M.
anserisalpingitidis-positive samples, a phylogenetic tree
was constructed for the rpoB gene (682 bp) using
MEGA X 10.1 software (Kumar et al., 2018). The phylo-
genetic inference was based on the neighbor-joining
genetic distance method using the maximum likelihood
model. Bootstrap values were calculated based on 1,000
replicates and considered significant when >70.

A second phylogenetic tree was constructed for the
16S rRNA gene (851 bp) for other Mycoplasma spp.-pos-
itive and M. anserisalpingitidis-negative samples. Those
sequences were compared with similar Mycoplasma spe-
cies found in the GenBank database and M. anatis
(accession no. CP030141.1), M. anseris (accession no.
CP03140.1), and M. cloacale (accession no. CP030103)
that were chosen as outgroup.

Statistics

The statistical analysis was performed using R version
4.0.3 (R Core Team, 2020). The presence of differences
in occurrence of Mycoplasma spp. between species of
birds was verified using the chi-square test. Statistical
significance was set at P < 0.05.

RESULTS

The occurrence rates of Mycoplasma spp. in wild
geese are presented in Table 1. The presence of Myco-
plasma spp. was confirmed in 75.9% of tested wild
geese, the bacterial DNA being detected more often in
cloacal swab samples (75.8%) than in oropharyngeal
ones (4.2%). We did not confirm significant differences
in the occurrence of Mycoplasma spp. between species
of geese (chi-square = 0.4518, P = 0.93). Mycoplasma
anserisalpingitidis was found in 68.2% of samples from
cloaca which were positive for bacteria of this genus.
All Mycoplasma-positive samples were found to be neg-
ative for other species typical for geese such as M. anse-
ris, M. anatis, and M. cloacale. The results of
sequencing and phylogenetic analysis of the M. anseri-
salpingitidis isolates are shown in Figure 1. The similar-
ity of our sequences to M. anserisalpingitidis isolates
from Hungary and China ranged from 97 to 100% for
the rpoB gene, on a fragment of which the phylogenetic
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Figure 1. Phylogenetic analysis of partial sequences of the rpoB gene of Mycoplasma anserisalpingitidis detected in our study, highly similar iso-
lates, and sequence of M. sturni used as the outgroup. The phylogenetic tree was constructed by the neighbor-joining method. Dark red circles indi-

cate sequences obtained from this research.

tree was constructed, and it established 3 clades. All M.
anserisalpingitidis sequences from our study formed a
distinct branch along with 2 Hungarian isolates
MYCAV78 and MYCAV93 (accession nos MH003305
and MH003306, respectively) that were obtained from
domestic geese. The sequence similarities ranged from
99.6 to 100%.

The phylogenetic tree for the 8 sequences based on
16S rRNA showed no strong consistent pattern for asso-
ciations between host species or country of isolation
(Figure 2). However, the sequences obtained in our
study could be divided into 3 groups. Sequences in the
first group clustered with Hungarian isolates from
domestic geese and ducks and were particularly close to
an isolate obtained from a swan goose from China
(accession no. MT241511.1). Sequence similarities in
this group were within the range of 99.4 to 100%. The
second group contained sequences from tracheal and clo-
acal swabs collected from the same wild geese that were
similar (99.5—100%) to a sequence of Mycoplasma spp.
isolated from a domestic goose in Poland (accession no.
MG786616.1). The last group contained Mycoplasma

spp. sequences collected from different species of Polish
wild geese (accession nos MT374249.1, MW355420.1,
MW355421.1, MW355429.1, MW355432.1, and
MW355439) and an Austrian isolate (accession no.
KX786691.1) of Mycoplasma sp. strain 2445 obtained
from a domestic goose. Sequence similarities in this
group were within the range of 99.6 to 100%.

DISCUSSION

The results obtained in our study show a high occur-
rence of Mycoplasma spp. in wild geese. Twenty-two of
the 29 wild geese were positive by PCR analysis using
Mycoplasma genus-specific primers. Fifteen of these 22
samples were positive for M. anserisalpingitidis. Our
results were similar to those found in domestic water-
fowl. Stipkovits and Szathmary (1996) reported finding
M. anserisalpingitidis as the most frequent species.
Volokhov et al. (2020) interpreted sequence analyses
and suggested that the rpoB gene of Mycoplasma anseri-
salpingitidis could vary by approximately 4% between
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Figure 2. Phylogenetic analysis of partial sequences of the 16S rRNA gene of Mycoplasma spp. detected in our study, highly similar isolates, and
sequences of M. anatis, M. anseris, and M. cloacale used as the outgroup. A phylogenetic tree was constructed by the neighbor-joining method.
Numbers at nodes represent bootstrap confidence values (1,000 replications). Dark red triangles indicate sequences obtained from this research.

strains. It is also notable that analysis of the partial
rpoB gene showed high similarity of our sequences to M.
anserisalpingitidis isolates from distant geographical
regions such as Hungary and China (Gyuranecz et al.,
2020). The authors found a close relationship between
the M. anserisalpingitidis MYCAV93 strain isolated
from the inflamed phallus of a domestic goose in Hun-
gary in 2011 and MYCAV785 strain isolated from a clin-
ically healthy swan goose from China. Our findings
confirmed the hypothesis of Grozner et al. (2021) that
this Mycoplasma spp. could be transmitted by migratory
birds. Knowledge of the occurrence of Mycoplasma spp.
in wild waterfowl is limited (Astorga et al., 1994,
Goldberg et al., 1995; Samuel et al., 1996); however,
wild waterfowl are generally known to be reservoirs and
vectors of many bacterial diseases (Elmberg et al.,
2017).

We believe that wintering or breeding areas of wild
waterfowl could be places of infection. Bairlein (2001)
mentioned that migration connects different species of
geese in the same area of breeding or wintering. After
the breeding season, a large part of the population of

wild birds migrates to the Netherlands for overwinter-
ing. Moreover, taiga bean geese and greater white-
fronted geese also winter in large numbers in Hungary
(BirdLife International, 2021a,b). This could be a possi-
ble explanation of why the same Mycoplasma spp. are
found in Polish and Hungarian geese. Our study high-
lights the role of wild geese in transmission of Myco-
plasma spp. between commercial waterfowl flocks.
During migration, birds make stopovers and these sites
could be potential places of direct contact between wild
and commercial waterfowl and therefore of horizontal
transmission of pathogens. It could be especially danger-
ous for breeder geese. Specific practice in the husbandry
of breeding flocks of commercial geese which allow free
access to pasture and water increases the risk of contact
with wild geese and the transmission of pathogens. Addi-
tionally, Stipkovits et al. (1993, 1987) found that M.
anserisalpingitidis and some Mycoplasma spp. strains
could be transmitted vertically as well as horizontally.
We hypothesize that the high occurrence of Mycoplasma
spp. obtained in our study could be explained by the
easy spread of Mycoplasma in the wild goose population.
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The high occurrence of Mycoplasma spp. and the
absence of clinical symptoms in wild geese may suggest
persistent infection (Rottem, 2003). The presence of M.
anserisalpingitidis was also reported in clinically healthy
flocks of commercial geese (Hinz et al., 1994). The devel-
opment of clinical signs of mycoplasmosis in birds could
be caused by inadequate environmental factors, the
onset of egg production or other stressors
(Stipkovits and Kempf, 1996; Kleven, 1998).

Eight of the Mycoplasma spp.-positive samples were
negative in PCR assays targeting M. anserisalpingitidis,
M. anatis, M. anseris, and M. cloacale. The phyloge-
netic analysis of those sequences showed a division of the
tested samples into 2 groups. It is worth noting that the
similarity between the groups of sequences in our study
was below the 94% threshold for species discrimination
using 16S rRNA gene sequences (Brown et al., 2007). Tt
may suggest the detection of other unknown, novel spe-
cies of Mycoplasma. It should additionally be empha-
sized that one such unknown species of Mycoplasma was
also detected in Austrian domestic geese, which suggests
that it could be transmitted from wild birds. The pres-
ence of unidentified Mycoplasma species was also
reported in breeder geese in Germany (Behr et al., 1990)
and the United States (Carnaccini et al., 2016). More-
over, some clinical signs such as phallic deformities may
also have been caused by unidentified Mycoplasma spe-
cies (Behr et al., 1990; Carnaccini et al., 2016). In previ-
ous studies conducted by Hinz et al. (1994), multiple
Mycoplasma infections in geese were also reported.
These findings mainly concerned the simultaneous isola-
tion of mycoplasmas commonly known as typical for the
goose, such as M anserisalpingitidis, M. anatis, M. anse-
ris, and M. cloacale. Detection of the same Mycoplasma
species in domestic and wild geese inspired us to further
investigate the potential role of this microorganism in
the pathology of commercial waterfowl.

ACKNOWLEDGMENTS

This work was financed by the Internal Research
Fund of the National Veterinary Research Institute in
Putawy, Poland. MG was supported by the KKP19
(129751) grant of the National Research, Development
and Innovation Office, Hungary

DISCLOSURES

The authors declare that they have no known compet-
ing financial interests or personal relationships that
could have appeared to influence the work reported in
this paper.

REFERENCES

Astorga, R. J., M. J. Cubero, L. Leon, A. Maldonado, A. Arenas,
M. C. Tarradas, and A. Perea. 1994. Serological survey of infec-
tions in waterfowl in the Guadalquivir marshes (Spain). Avian
Dis. 38:371-375.

Bairlein, F. 2001. Results of bird ringing in the study of migration
routes. Ardea 89:7-19.

Behr, K. P., K. H. Hinz, and S. Rottmann. 1990. Phallus-inflamma-
tion of ganders: clinical observations and comparative bacteriologi-
cal examinations of healthy and altered organs. J. Vet. Med.
37:774-776. i

Beko, K., Z. Kreizinger, K. M. Sulyok, A. B. Kovéacs, D. Grézner,
S. Catania, J. Bradbury, I. Lysnyansky, O. M. Olaogun,
B. Czanik, H. Ellakany, and M. Gyuranecz. 2019. Genotyping
Mycoplasma gallisepticum by multilocus sequence typing. Vet.
Microbiol. 231:191-196.

Bencina, D., O. Mrzel, O. Rois Zorman, A. Bidovec, and
A. Dove. 2003. Characterisation of Mycoplasma gallisepticum
strains involved in respiratory disease in pheasants and peafowl.
Vet. Rec. 152:230-234.

BirdLife International. 2021a. Species factsheet: Anser fabalis,.
Accessed Feb. 2021 http:/ /www.birdlife.org.

BirdLife International. 2021b. Species factsheet: Anser albifrons,.
Accessed Feb. 2021 http://www.birdlife.org.

Bradbury, J. M., C. A. Yavari, and C. M. Dare. 2001. Mycoplasmas
and respiratory disease in pheasants and partridges. Avian Pathol
30:391-396.

Brown, D. R., R. F. Whitcomb, and J. M. Bradbury. 2007. Revised
minimal standards for description of new species of the class Molli-
cutes (division Tenericutes). Int. J. Syst. Evol. Microbiol. 57:2703
2719.

Carnaccini, S., N. M. Ferguson-Noel, R. P. Chin, T. Santoro,
P. Black, M. Bland, A. A. Bickford, and C. G. Senties-Cué. 2016.
A Novel Mycoplasma sp. associated with phallus disease in goose
breeders: pathological and bacteriological findings. Avian Dis
60:437-443.

Cookson, K. C., and H. L. Shivaprasad. 2016. Mycoplasma gallisepti-
cum infection in chukar partridges, pheasants, and peafowl. Avian
Dis 38:914-921.

Davidson, W. R., V. F. Nettles, C. E. Couvillion, and
H. W. J. Yoder. 1982. Infectious sinusitis in wild turkeys. Avian
Dis 26:402-405.

Dhondt, A. A, J. C. DeCoste, D. H. Ley, and
W. M. Hochachka. 2014. Diverse wild bird host range of Myco-
plasma gallisepticum in eastern North America. PLoS One 9:
€103553.

Elmberg, J., C. Berg, H. Lerner, J. Waldenstrom, and R. Hessel. 2017.
Potential disease transmission from wild geese and swans to live-
stock, poultry and humans: a review of the scientific literature
from a One Health perspective. Infect. Ecol. Epidemiol. 7:1300450.

Fritz, B. A., C. B. Thomas, and T. M. Yuill. 1992. Serological and
microbial survey of Mycoplasma gallisepticum in wild turkeys
(Meleagris gallopavo) from six western states. J. Wildl. Dis. 28:10—
20.

Gharaibeh, S., and A. Hailat. 2011. Mycoplasma gallisepticum experi-
mental infection and tissue distribution in chickens, sparrows and
pigeons. Avian Pathol 40:349-354.

Goldberg, D. R., M. D. Samuel, C. B. Thomas, P. Sharp, G. L. Krapu,
J. R. Robb, K. P. Kenow, C. E. Korschgen, W. H. Chipley, and
M. J. Conroy. 1995. The occurrence of mycoplasmas in selected
wild north American waterfowl. J. Wildl. Dis. 31:364-371.

Grézner, D., A. B. Kovdcs, E. Wehmann, Z. Kreizinger, K. Beko,
A. Mitter, A. Sawicka, S. Janosi, G. Tomczyk, C. J. Morrow,
K. Banyai, and M. Gyuranecz. 2021. Multilocus sequence typing of
the goose pathogen Mycoplasma anserisalpingitidis. Vet. Micro-
biol. 254:108972.

Grézner, D., K. M. Sulyok, Z. Kreizinger, Z. Rénai, S. Janosi,
I. Turcsanyi, H. Fiilop Kaérolyi, A. B. Kovécs, M. J. Kiss,
D. Volokhov, and M. Gyuranecz. 2019. Detection of Myco-
plasma anatis, M. anseris, M. cloacale and Mycoplasma sp.
1220 in waterfowl using species-specific PCR assays. PLoS One
14:e0219071. ,

Gyuranecz, M., A. Mitter, A. B. Kovacs, D. Grozner, Z. Kreizinger,
K. Bali, K. Banyai, and C. J. Morrow. 2020. Isolation of Myco-
plasma anserisalpingitidis from swan goose (Anser cygnoides) in
China. BMC Vet. Res. 16:1-7.

Hagen, C. A., S. S. Crupper, R. D. Applegate, and R. J. Robel. 2002.
Prevalence of Mycoplasma antibodies in lesser prairie-chicken sera.
Avian Dis 46:708-712.


http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0001
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0001
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0001
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0001
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0002
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0002
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0003
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0003
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0003
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0003
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0004
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0004
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0004
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0004
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0004
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0004
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0004
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0004
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0004
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0005
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0005
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0005
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0005
http://www.birdlife.org
http://www.birdlife.org
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0008
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0008
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0008
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0009
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0009
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0009
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0009
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0010
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0010
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0010
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0010
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0010
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0010
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0011
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0011
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0011
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0012
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0012
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0012
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0013
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0013
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0013
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0013
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0014
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0014
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0014
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0014
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0014
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0015
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0015
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0015
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0015
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0016
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0016
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0016
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0017
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0017
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0017
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0017
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0018
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0018
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0018
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0018
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0018
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0018
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0018
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0018
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0018
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0018
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0018
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0019
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0019
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0019
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0019
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0019
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0019
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0019
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0019
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0019
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0019
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0019
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0019
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0019
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0019
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0019
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0020
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0020
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0020
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0020
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0020
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0020
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0020
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0020
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0021
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0021
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0021

EVIDENCE OF MYCOPLASMA SPP. 7

Hinz, K. H., H. Pfiitzner, and K. P. Behr. 1994. Isolation of Mycoplas-
mas from clinically healthy adult breeding geese in Germany. J.
Vet. Med. Ser. B 41:145-147.

Hochachka, W. M., A. A. Dhondt, A. Dobson, D. M. Hawley,
D. H. Ley, and I. J. Lovette. 2013. Multiple host transfers, but
only one successful lineage in a continent-spanning emergent path-
ogen. Proc. R. Soc. B. 280:20131068.

Hoffman, R. W., M. Page Luttrell, W. R. Davidson, and
D. H. Ley. 1997. Mycoplasmas in wild turkeys living in association
with domestic fowl. J. Wildl. Dis. 33:526-535.

Kleven, S. H. 1998. Mycoplasmas in the etiology of multifactorial
respiratory disease. Poult. Sci. 77:1146-1149.

Kumar, S., G. Stecher, M. Li, C. Knyaz, and K. Tamura. 2018.
MEGA X: Molecular evolutionary genetics analysis across comput-
ing platforms. Mol. Biol. Evol. 35:1547-1549.

Lierz, M., N. Hagen, N. Harcourt-Brown, S. J. Hernandez-Divers,
D. Liischow, and H. M. Hafez. 2007. Prevalence of mycoplasmas in
eggs from birds of prey using culture and a genus-specific myco-
plasma polymerase chain reaction. Avian Pathol 36:145-150.

Luttrell, M. P., S. H. Kleven, and W. R. Davidson. 1991. An investi-
gation of the persistence of Mycoplasma gallisepticum in an Fast-
ern population of wild turkeys. J. Wildl. Dis. 27:74-80.

Poveda, J. B., J. Carranza, A. Miranda, A. Garrido, M. Hermoso,
A. Fernandez, and J. Domenech. 1990. An epizootiological study of
avian mycoplasmas in Southern Spain. Avian Pathol 19:627-633.

R Core Team. 2020. R: A Language and Environment for Statistical
Computing. Version 4.0.3. R Foundation for Statistical Comput-
ing, Vienna, Austria.

Rottem, S. 2003. Interaction of Mycoplasmas with host cells. Physiol.
Rev. 83:417-432.

Samuel, M. D., D. R. Goldberg, C. B. Thomas, P. Sharp, J. R. Robb,
G. L. Krapu, B. N. Nersessian, K. P. Kenow, C. E. Korschgen,

W. H. Chipley, and M. J. Conroy. 1996. Exposure of wild water-
fowl to Mycoplasma anatis. J. Wildl. Dis. 32:331-337.

Stipkovits, L., R. Glavits, E. Ivanics, and E. Szabd. 1993. Addi-
tional data on Mycoplasma disease of goslings. Avian Pathol
22:171-176.

Stipkovits, L., and I. Kempf. 1996. Mycoplasmoses in poultry. Rev.
Sci. Tech. 15:1495-1525.

Stipkovits, L., and S. Szathmary. 1996. Mycoplasma infection of
ducks and geese. Poult. Sci. 91:2812-2819.

Stipkovits, L., Z. Varga, R. Glavits, F. Ratz, and E. Molnar. 1987.
Pathological and immunological studies on goose embryos and
one-day-old goslings experimentally infected with a Mycoplasma
strain of goose origin. Avian Pathol 16:453-468.

Tirkyelmaz, S., F. Coven, and S. Eskiizmirliler. 2007. Detection of
antibodies produced in quails ( Coturniz coturniz japonica) against
Mycoplasma gallisepticum with different serological tests. Turk. J.
Vet. Anim. Sci. 31:267-270.

Vitula, F., L. Peckova, H. Bandouchova, M. Pohanka, L. Novotny,
D. Jira, J. Kral, K. Ondracek, J. Osickova, D. Zendulkova,
K. Rosenbergova, F. Treml, and J. Pikula. 2011. Mycoplasma galli-
septicum infection in the grey partridge Perdiz perdiz: outbreak
description, histopathology, biochemistry and antioxidant param-
eters. BMC Vet. Res. 7:34.

Volokhov, D. V., D. Grézner, M. Gyuranecz, N. Ferguson-Noel,
Y. Gao, J. M. Bradbury, P. Whittaker, V. E. Chizhikov,
S. Szathmary, and L. Stipkovits. 2020. Mycoplasma anserisalpingi-
tidis sp. nov., isolated from European domestic geese (Anser anser
domesticus) with reproductive pathology. Int. J. Syst. Evol. Micro-
biol. 70:2369-2381.

Welchman, D. De B., J. M. Bradbury, D. Cavanagh, and
N. J. Aebischer. 2002. Infectious agents associated with respiratory
disease in pheasants. Vet. Rec. 150:658-664.


http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0022
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0022
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0022
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0022
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0023
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0023
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0023
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0023
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0024
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0024
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0024
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0025
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0025
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0026
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0026
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0026
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0027
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0027
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0027
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0027
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0027
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0028
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0028
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0028
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0029
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0029
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0029
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0030
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0030
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0030
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0031
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0031
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0032
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0032
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0032
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0032
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0033
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0033
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0033
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0033
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0034
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0034
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0035
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0035
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0036
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0036
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0036
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0036
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0037
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0037
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0037
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0037
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0037
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0037
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0037
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0038
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0038
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0038
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0038
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0038
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0038
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0039
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0039
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0039
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0039
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0039
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0039
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0039
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0040
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0040
http://refhub.elsevier.com/S0032-5791(21)00548-4/sbref0040

	Evidence of Mycoplasma spp. transmission by migratory wild geese
	INTRODUCTION
	MATERIALS AND METHODS
	Sample Collection
	PCR Assay
	DNA Sequencing and Phylogenetic Analysis
	Statistics

	RESULTS
	DISCUSSION
	DISCLOSURES

	REFERENCES


