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Introduction

Acinetobacter baumannii is a Gram-negative bacte-
rium, which causes nosocomial infections worldwide. 
Due to its remarkable capability to develop multidrug 
resistance, we are running out of treatment options 
in many parts of the world (Murray et al. 2015). The 
World Health Organization (WHO), therefore, ranked 
carba penem-resistant A. baumannii on the top of a pri-
ority list of antibiotic-resistant bacteria for the treat-
ment of which new antibiotics are urgently needed 
(Tacconelli et al. 2018).

The natural reservoirs of A. baumannii are poorly 
defined. Many members of the genus Acinetobacter 
have ubiquitously spread bacteria found in soil, water, 

and other environmental sites (Afshinnekoo et al. 2015; 
Al Atrouni et al. 2016) but also as part of the human 
microbiome (Fyhrquist et al. 2014). A. baumannii has 
been isolated from different environmental sites and 
various animals (Eveillard et al. 2013; Rafei et al. 2015; 
Kittinger et al. 2017; Furlan et al. 2018). DNA-based 
studies suggest the rates of colonization of human 
head and body lice of up to around 50%, depending 
on the population (Kempf et al. 2012). However, an 
isolate from lice studied in detail was found to be phy-
logenetically distinct from clinical isolates and exhib-
ited low virulence (Vallenet et al. 2008; Antunes et al. 
2011). In a recent study, A. baumannii was isolated from 
white stork (Ciconia ciconia) nestlings in Poland at an 
average rate of 25% (Wilharm et al. 2017). Moreover, 
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A b s t r a c t

Acinetobacter baumannii is a worldwide occurring nosocomial pathogen, the natural habitats of which remain to be defined. Recently, white 
stork nestlings have been described as a recurring source of A. baumannii. Here, we challenged the hypothesis of a general preference of 
A. baumannii for avian hosts. Taking advantage of campaigns to ring free-living birds, we collected cloacal swab samples from 741 black-
headed gulls (Chroicocephalus ridibundus) in Poland, tracheal and cloacal swabs from 285 songbirds in Poland as well as tracheal swabs from 
25 songbirds in Slovenia and screened those for the growth of A. baumannii on CHROMagarTM Acinetobacter. Of the 1,051 samples collected 
only two yielded A. baumannii isolates. Each carried one variant of the blaOXA-51-like gene, i.e. OXA-71 and OXA-208, which have been described 
previously in clinical isolates of A. baumannii. In conclusion, our data do not support a general preference of A. baumannii for avian hosts.
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genome-based analyses revealed a multitude of distinct 
lineages and identified the relationship of some stork 
isolates to clinical strains. Given that A. baumannii 
was also isolated from poultry livestock, hatcheries, 
and meat (Martin and Jackel 2011; Lupo et al. 2014; 
Wilharm et al. 2017), we speculated about a general 
preference of A. baumannii for avian hosts. To challenge 
this hypo the sis, we performed a culture-based screen-
ing of different free-living birds, the results of which 
are presented here.

Experimental

Materials and Methods

Capture and sampling of songbirds in Poland. 
In total, 285 wild bird individuals were captured in 
mist nets during their spring and autumn migration 
2016 in the Dąbkowice area (West Pomeranian prov-
ince; Fig. 1). Ornithologists from the Bird Migration 
Research Station (Gdańsk, Poland) conduct a scientific 
study about birds’ migration through the Polish Baltic 
coast under the name “Operation Baltic” every year, in 
spring and autumn. All captured birds are ringed, meas-
ured and assessed by inspection. Thanks to coopera-

tion with ornithologists from the Operation Baltic, we 
could collect cloacal and tracheal swabs from 145 bird 
individuals between April 10 and 16 on spring migra-
tion, and from 140 individuals between October 9 and 
12 on autumn migration. We collected cloacal and tra-
cheal swabs from all captured birds except those not 
approved by ornithologists based on the assessment of 
their general condition. Swab samples were immedi-
ately taken from birds after their examination, trans-
ferred to Amies transport medium (COPAN  110C, 
Hain Lifescience, Germany), and stored at 4°C until 
further analysis (sample processing within seven days). 
The Bird Migration Research Station was granted legal 
permission for collection by the General Directorate for 
Environmental Protection (DZP-WG.6401.03.36.2015.
kk and DZP-WG.6401.03.98.2016.km) and by the Mari-
time Office (OW-A-510/87/17/ds).

Capture and sampling of gull adult birds and nest-
lings in Poland. Altogether, 741 black-headed gulls 
(Chroicocephalus ridibundus) from 16 breeding colo-
nies in Poland were captured in 2017 and 2018 (Fig. 1). 
The number of breeding pairs in individual colonies 
varied between 100 and 3,000. All individuals were cap-
tured between 25 April and 15 June, while brooding or 
feeding nestlings. Cloacal swabs were collected from 
187 individuals in 2017 and 554 individuals in 2018. 

Fig. 1. Map of Poland illustrating the sampling places. White square: bird migration research station at Bukowo. White dots:
localization of sampled black-headed gull colonies.
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Adult birds were older than two years and nestlings 
were between 7 and 21 days old. Ornithological nets, 
which were set directly on nests were used to capture 
black-headed gulls. This procedure did not result in 
any loss of eggs or nestlings. Legal permissions were 
granted by the General Directorate for Environmental 
Protection (DZP-WG.6401.03.97.2017.jro and DZP-
WG.6401.03.2.2018.jro) and the Ministry of the Envi-
ronment (DLP-VIII-6713-21/29762/14/RN). Authority 
permission ID numbers are as follows: P. Indykiewicz 
– 116/2017 and 120/2018; M. Ledwoń – 194/2017 and 
201/2018; P. Minias – 228/2017 and 235/2018, and 
J. Nowakowski – 245/2017 and 252/2018.

Capture and sampling of birds in Slovenia. The 
ringing campaign in the framework of EURING took 
place in Maribor and surroundings between Septem-
ber 18 and December 10, 2013, as previously described 
(Škraban et al. 2017).

Isolation and identification of A. baumannii. 
Swab samples were taken from the choana and rectum, 
respectively, using the COPAN Amies agar gel medium 
transport swabs (COPAN 110C, Hain Lifescience, Ger-
many) and stored at 4°C until further analysis. CHRO-
MagarTM Acinetobacter (CHROMagar, France) agar 
plates were prepared as described by the manufacturer 
without the use of the CHROMagarTM MDR supple-
ment. Swab samples were spread on these agar plates 
and incubated for 24 hours at 37°C. Reddish colonies 
tentatively identified as A. baumannii were subjected 
to colony PCR to detect the blaOXA-51-like β-lactamase 
gene intrinsic to A. baumannii (Turton et al. 2006) and 
for species identification using partial rpoB sequenc-
ing (Nemec et al. 2009). To this end, a loop-full of each 
colony to test was resuspended in 50 µl of sterile water. 
Then, the suspension was incubated at 95°C for 5 min-
utes and centrifuged for 1 minute at 10,000 g, and 1 µl of 
the supernatant was taken as a DNA template for every 
10 µl of PCR reaction. Full sequencing of the amplified 
blaOXA-51-like gene was accomplished as described (Zander 
et al. 2012) applying modified Sanger sequencing with 
BigDye v3.1 and ABI 3500dx genetic analyzer. Partial 
rpoB sequences of 861 base pairs in length obtained 
by the modified Sanger sequencing as above were sub-
jected to nucleotide BLAST analysis for taxonomic clas-
sification. Finally, isolates with rpoB sequence identity 
above 98% to the type strain of A. bau mannii in com-
bination with the determination of the blaOXA-51-like gene 
were considered to belong to the species A. baumannii.

Antimicrobial susceptibility testing. Antimicrobial 
susceptibilities of A. baumannii isolates were investi-
gated by Etest (bioMérieux, Nuertingen, Germany) and 
by the automated system VITEK 2 (card AST-N248; 
bioMérieux) with interpretation according to the rec-
ommendations of the European Committee on Anti- 
microbial Susceptibility Testing (EUCAST v10.0).

Results

In the course of a previously published study on 
the cultivable microbiota from the choana of free-
living birds captured in Slovenia between September 
and December 2013 (Škraban et al. 2017), 25 choana 
samples were screened for the presence of A. bau- 
mannii as previously established for studies on white 
stork nestlings (Wilharm et al. 2017). None of the sam-
ples yielded A. baumannii isolates.

Of the 145 and 140 songbirds captured along the 
Baltic Sea during spring and autumn, respectively, in 
2016, the European robin Erithacus rubecula was the 
dominating species (n = 210), followed by blackbird 
Turdus merula (n = 37), and blackcap Sylvia atricapilla 
(n = 11) (Table I). Choana and cloacal swabs were all 
found to be negative for A. baumannii.

The cloacal swabs sampled from black-headed gulls 
in 2017 (n = 187) were all negative for A. baumannii. 
Among the individuals sampled cloacally in 2018 
(n = 554), two were positive for A. baumannii (from 
breeding colonies Koronowo and Przykona, respec-
tively) (Table  II). Sequencing of the blaOXA-51-like gene 
intrinsic to A. baumannii revealed that the two isolates 
carried the OXA-71 and OXA-208 variant, respectively, 
of the class D β-lactamase OXA-51 family. Both iso-
lates were susceptible to meropenem, imipenem colis-
tin, tigecycline, gentamicin, tobramycin, amikacin, 
ciprofloxacin, and sulfamethoxazole-trimethoprim. 
Natural intrinsic resistance to chloramphenicol, peni-
cillins (piperacillin, ampicillin), and cephalosporins 
(cefotaxime, cefoxitin) was observed for both isolates. 
In addition, eight isolates of the species Acinetobacter 
pittii were obtained from gull adults (breeding colonies 
Koronowo and Jankowo).

Discussion

Acinetobacter baumannii has been isolated sporadi-
cally from different avian sources in the past (Ahmed 
et al. 2007; Muller et al. 2010; Zordan et al. 2011; Kempf 
et al. 2012; Rafei et al. 2015; Klotz et al. 2018). Addi-
tional studies providing evidence for the presence of 
A. baumannii in bird samples include a study on the 
rectal carriage of Gram-negative bacteria among 89 sea-
birds in rehabilitation centres in the USA. In this study, 
A. baumannii was isolated from 10% of birds, includ-
ing gulls (Steele et al. 2005). However, the taxonomic 
classification of bacteria in that study was solely based 
on phenotypic traits, without the DNA-based corrobo-
ration. Even higher isolation rates of more than 30% 
were recently reported from 48 wild birds’ fecal sam-
ples collected in Nigeria (Dahiru and Enabulele 2015). 
Again, we cannot be certain about the taxonomic claim 
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regarding these isolates due to the lack of genetic evi-
dence. A  DNA-based study on 73  pigeon droppings 
revealed the presence of A. baumannii in 5% of the sam-

ples from France and Algeria (Morakchi et al. 2017). 
Moreover, isolation of A. baumannii was reported from 
poultry hatcheries (Martin and Jackel 2011; Wilharm 

Koronowo 53.3341667 17.965 657 53 70 123
Bydgoszcz – Stary Port 53.1211111 18.09361111 185 16 – 16
Bydgoszcz – Przemysłowa 53.1186111 18.10527778 170 50 46 96
Skoki Duże 52.6063889 19.78916667 4500–5500 – 70 70
Jankowo 52.7827778 18.08416667 451 68 57 125
Kościeszki 52.5733333 18.33111111 354 – 56 56
Borów 52.1202778 19.56 100 – 21 21
Jeziorsko 51.7372222 18.64916667 100 – 15 15
Przykona 52.0055556 18.65777778 3000 – 33 33
Wola Rogozińska 51.9713889 19.455 3000 – 18 18
Złaków Kościelny 52.1969444 19.78916667 300 – 16 16
Jezioro Ryńskie 53.9194444 21.50861111 1900–2500 – 30 30
Sętal 53.9036111 20.48222222 425–450 – 30 30
Jezioro Nielbark 53.3613889 19.52777778 3000 – 30 30
Zbiornik Poraj 50.6411111 19.2313888 1060 – 22 22
Łężczok 50.1436111 18.2797222 360 – 21 21
Stawy Zawadka 49.9644444 19.1163888 460 – 19 19
Total    187 554 741

Table II
The number of black-headed gulls (adult birds and nestlings) sampled in 2017 and 2018.

No. BP – number of breeding pairs in a particular colony; No. SB – number of sampled birds in a particular year

Colony X
Coordinate

Y
Coordinate No. BP TotalNo. BS 2018No. BS 2017

Turdus merula 37 6 1 0 0 7 18 11 1 0 30
Erithacus rubecula 210 94 13 0 1 108 79 23 0 0 102
Sylvia atricapilla 11 7 3 0 0 10 1 0 0 0 1
Emberiza schoeniclus 1 1 0 0 0 1 0 0 0 0 0
Fringilla coelebs 1 1 0 0 0 1 0 0 0 0 0
Cyanistes caeruleus 7 6 0 0 0 6 1 0 0 0 1
Parus major 3 2 0 0 0 2 0 1 0 0 1
Phoenicurus phoenicurus 1 1 0 0 0 1 0 0 0 0 0
Parus spp. 1 0 0 1 0 1 0 0 0 0 0
Emberiza citrinella 2 0 2 0 0 2 0 0 0 0 0
Dendrocopos major 2 1 1 0 0 2 0 0 0 0 0
Phylloscopus trochilus 6 0 0 1 0 1 3 2 0 0 5
Turdus philomelos 3 2 1 0 0 3 0 0 0 0 0
Total 285 121 21 2 1 145 102 37 1 0 140

Table I
The number and age of individuals from the songbird species sampled in 2016.

na – total number of sampled birds; nb – total number of sampled birds in April; nc – total number of sampled birds in October;
im. – an immature bird, a bird in the first year of its life; ad. – an adult bird (after the first calendar year of life);
L – the precise age of bird could not be determined; (–) no data

Bird Species na nb nc

April 2016 October 2016

Age Age

im. ad. L – im. ad. L –
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et al. 2017), poultry meat (Lupo et al. 2014; Carvalheira 
et al. 2017), and poultry livestock (Lupo et al. 2014). It 
has recently been demonstrated that 661 white stork 
nestlings studied in different regions of Poland over 
a  period of four years were colonized at an average 
rate of 25% (Wilharm et al. 2017). However, system-
atic studies for the presence of A. baumannii are not 
available for other free-living birds leaving open the 
question of whether birds, in general, are favourable 
hosts for A. baumannii.

Here, for the first time, a large and diverse set 
of altogether 1,051 free-living birds was selectively 
screened for the presence of A. baumannii in cloacal 
samples (overall 1,026 samples) and tracheal samples 
(overall 310 samples), using the protocol established for 
studies on white stork nestlings (Wilharm et al. 2017). 
The extremely low prevalence of 0.3% in black-headed 
gulls and non-detection in 310 songbirds compared to 
25% prevalence in white stork nestlings strongly argues 
against a general preference of A. baumannii for avian 
hosts. In line with this conclusion, no A. baumannii was 
isolated in a study on the aerobic cloacal and pharyn-
geal bacteria of 167 free-living birds in Germany (Sten-
kat et al. 2014). However, our study is limited by the 
opportunistic sampling design, affecting the species 
range, further causing potential biases due to specific 
behaviour and seasonality.

The two A. baumannii strains isolated from gulls 
were susceptible to clinically relevant antibiotics and 
exhibited only natural resistance to some penicil-
lins, cephalosporins, and chloramphenicol. This is in 
full agreement with the resistance profiles previously 
described for the isolates from white stork nestlings 
(Wilharm et al. 2017). In conclusion, there is no evi-
dence that these strains faced significant anthropogenic 
selection pressure in the past suggesting that the strains 
were acquired from natural habitats.

In summary, the data presented here indicate that 
there is no general association of A. baumannii with 
wild birds. Given the obvious risk of poultry livestock to 
serve as a vector for spreading of A. baumannii (Martin 
and Jackel 2011; Lupo et al. 2014; Wilharm et al. 2017), 
it is important to study poultry livestock as well as wild 
populations of chicken, geese, ducks, turkeys and related 
species globally to assess the risk potential associated 
with these populations and to complete our ecological 
understanding of pathogenic Acinetobacter species.

   ORCID
Gottfried Wilharm https://orcid.org/0000-0002-1771-6799

Acknowledgments
Andżelina Łopińska acknowledges financial support from 

a traineeship within the ERASMUS+ Programme (agreement no. 20/
SMP/2015/16). We are grateful to Tjaša Matjašič for help with sam-

pling in Slovenia. We would also like to thank Michał Polakowski, 
Maciej Wayda and volunteers from the Operation Baltic group for 
help during sample collection. We would also like to thank the head 
of the Bird Migration Research Station, Magdalena Remisiewicz, 
for permission to conduct our study and for cooperation. We are 
thankful to our colleagues who helped in the fieldwork, especially 
Tomasz Janiszewski (UŁ), Beata Dulisz, Krzysztof Lewandowski, 
Andrzej Górski, Anna Maria Stawicka, Paweł Knozowski (UWM) 
and Jarosław Kowalski (UTP). We also acknowledge the excellent 
technical assistance of Kirstin Ganske as well as support from the 
sequencing unit MF2 at the Robert Koch Institute, Germany.

Conflict of interest
The authors do not report any financial or personal connections 

with other persons or organizations, which might negatively affect 
the contents of this publication and/or claim authorship rights to 
this publication.

Literature

Afshinnekoo E, Meydan C, Chowdhury S, Jaroudi D, Boyer C, 
Bernstein N, Maritz JM, Reeves D, Gandara J, Chhangawala S, 
et al. Geospatial resolution of human and bacterial diversity with 
city-scale metagenomics. Cell Syst. 2015 Jul;1(1):72–87.
https://doi.org/10.1016/j.cels.2015.01.001
Ahmed AM, Motoi Y, Sato M, Maruyama A, Watanabe  H, 
Fukumoto Y, Shimamoto T. Zoo animals as reservoirs of gram-
negative bacteria harboring integrons and antimicrobial resistance 
genes. Appl Environ Microbiol. 2007 Oct 15;73(20):6686–6690.
https://doi.org/10.1128/AEM.01054-07
Al Atrouni A, Joly-Guillou ML, Hamze M, Kempf M. Reservoirs 
of non-baumannii Acinetobacter species. Front Microbiol. 2016 
Feb 01;7:49. https://doi.org/10.3389/fmicb.2016.00049
Antunes LCS, Imperi F, Carattoli A, Visca P. Deciphering the 
multifactorial nature of Acinetobacter baumannii pathogenicity. 
PLoS One. 2011 Aug 1;6(8):e22674.
https://doi.org/10.1371/journal.pone.0022674
Carvalheira A, Casquete R, Silva J, Teixeira P. Prevalence and 
anti microbial susceptibility of Acinetobacter spp. isolated from 
meat. Int J Food Microbiol. 2017 Feb;243:58–63.
https://doi.org/10.1016/j.ijfoodmicro.2016.12.001
Dahiru M, Enabulele OI. Acinetobacter baumannii in birds’ feces: 
A  public health threat to vegetables and irrigation farmers. Adv 
Microbiol. 2015;05(10):693–698.
https://doi.org/10.4236/aim.2015.510072
Eveillard M, Kempf M, Belmonte O, Pailhoriès H, Joly-
Guillou  ML. Reservoirs of Acinetobacter baumannii outside the 
hospital and potential involvement in emerging human community-
acquired infections. Int J Infect Dis. 2013 Oct;17(10):e802–e805.
https://doi.org/10.1016/j.ijid.2013.03.021
Furlan JPR, Pitondo-Silva A, Stehling EG. New STs in multidrug‐
resistant Acinetobacter baumannii harbouring β‐lactamases enco-
ding genes isolated from Brazilian soils. J Appl Microbiol. 2018 
Aug;125(2):506–512. https://doi.org/10.1111/jam.13885
Fyhrquist N, Ruokolainen L, Suomalainen A, Lehtimäki  S, 
Veckman V, Vendelin J, Karisola P, Lehto M, Savinko T, Jarva H, 
et al. Acinetobacter species in the skin microbiota protect against 
allergic sensitization and inflammation. J Allergy Clin Immunol. 
2014 Dec;134(6):1301–1309.e11.
https://doi.org/10.1016/j.jaci.2014.07.059
Kempf M, Abdissa A, Diatta G, Trape JF, Angelakis E, Median-
nikov O, La Scola B, Raoult D. Detection of Acinetobacter bau - 
mannii in human head and body lice from Ethiopia and identifi- 



Łopińska A. et al. 190

cation of new genotypes. Int J Infect Dis. 2012 Sep;16(9):e680–e683. 
https://doi.org/10.1016/j.ijid.2012.05.1024
Kempf M, Rolain JM, Diatta G, Azza S, Samb B, Mediannikov O, 
Gassama Sow A, Diene SM, Fenollar F, Raoult D. Carbapenem 
resistance and Acinetobacter baumannii in Senegal: the paradigm 
of a common phenomenon in natural reservoirs. PLoS One. 2012 
Jun 20;7(6):e39495. https://doi.org/10.1371/journal.pone.0039495
Kittinger C, Kirschner A, Lipp M, Baumert R, Mascher F, Farn-
leitner A, Zarfel G. Antibiotic Resistance of Acinetobacter spp. Iso-
lates from the river Danube: Susceptibility stays high. Int J Environ 
Res Public Health. 2017 Dec 30;15(1):52.
https://doi.org/10.3390/ijerph15010052
Klotz P, Jacobmeyer L, Stamm I, Leidner U, Pfeifer Y, Sem-
mler T, Prenger-Berninghoff E, Ewers C. Carbapenem-resis tant 
Acinetobacter baumannii ST294 harbouring the OXA-72 carba-
penemase from a captive grey parrot. J Antimicrob Chemother. 
2018 Apr 01;73(4):1098–1100. https://doi.org/10.1093/jac/dkx490
Lupo A, Vogt D, Seiffert SN, Endimiani A, Perreten V. Antibiotic 
resistance and phylogenetic characterization of Acinetobacter bau-
mannii strains isolated from commercial raw meat in Switzer land. 
J Food Prot. 2014 Nov 01;77(11):1976–1981.
https://doi.org/10.4315/0362-028X.JFP-14-073
Martin E, Jäckel U. Characterization of bacterial contaminants 
in the air of a duck hatchery by cultivation based and molecular 
methods. J Environ Monit. 2011;13(2):464–470.
https://doi.org/10.1039/C0EM00272K
Morakchi H, Loucif L, Gacemi-Kirane D, Rolain JM. Molecular 
characterisation of carbapenemases in urban pigeon droppings in 
France and Algeria. J Glob Antimicrob Resist. 2017 Jun;9:103–110.
https://doi.org/10.1016/j.jgar.2017.02.010
Muller MG, George AR, Walochnik J. Acinetobacter baumannii in 
localised cutaneous mycobacteriosis in falcons. Vet Med Int. 2010; 
2010:1–7. https://doi.org/10.4061/2010/321797
Murray G, Peleg A, Doi Y. Acinetobacter baumannii: evolution 
of antimicrobial resistance-treatment options. Semin Respir Crit 
Care Med. 2015 Feb 2;36(01):085–098.
https://doi.org/10.1055/s-0034-1398388
Nemec A, Musílek M, Maixnerová M, De Baere T, van der Reijden 
TJK, Vaneechoutte M, Dijkshoorn L. Acinetobacter beijerinckii sp. 
nov. and Acinetobacter gyllenbergii sp. nov., haemolytic organisms 
isolated from humans. Int J Syst Evol Microbiol. 2009 Jan 01;59(1): 
118–124. https://doi.org/10.1099/ijs.0.001230-0
Rafei R, Hamze M, Pailhoriès H, Eveillard M, Marsollier L, Joly-
Guillou ML, Dabboussi F, Kempf M. Extrahuman epidemiology 
of Acinetobacter baumannii in Lebanon. Appl Environ Microbiol. 
2015 Apr 01;81(7):2359–2367.
https://doi.org/10.1128/AEM.03824-14

Škaraban J, Matjašič T, Janžekovič F, Wilharm G, Trček J. 
Cultivable bacterial microbiota from choanae of free-living birds 
captured in Slovenia / Kultivabilna bakterijska mikrobiota iz sapišč 
prostoživečih ptic, ujetih v Sloveniji. Folia Biol Geol. 2017 Sep 22; 
58(1):105–114. https://doi.org/10.3986/fbg0024
Steele CM, Brown RN, Botzler RG. Prevalences of zoonotic bac-
teria among seabirds in rehabilitation centers along the Pacific 
Coast of California and Washington, USA. J Wildl Dis. 2005 Oct; 
41(4):735–744.
https://doi.org/10.7589/0090-3558-41.4.735
Stenkat J, Krautwald-Junghanns ME, Schmitz Ornés A, Eilers A, 
Schmidt V. Aerobic cloacal and pharyngeal bacterial flora in six 
species of free-living birds. J Appl Microbiol. 2014 Dec; 117(6): 
1564–1571. https://doi.org/10.1111/jam.12636
Tacconelli E, Carrara E, Savoldi A, Harbarth S, Mendelson M, 
Monnet DL, Pulcini C, Kahlmeter G, Kluytmans J, Carmeli Y, 
et al. WHO Pathogens Priority List Working Group. Discovery, 
research, and development of new antibiotics: the WHO priority 
list of antibiotic-resistant bacteria and tuberculosis. Lancet Infect 
Dis. 2018 Mar;18(3):318–327.
https://doi.org/10.1016/S1473-3099(17)30753-3
Turton JF, Woodford N, Glover J, Yarde S, Kaufmann ME, 
Pitt TL. Identification of Acinetobacter baumannii by detection of 
the blaOXA-51-like carbapenemase gene intrinsic to this species. 
J Clin Microbiol. 2006 Aug 01;44(8):2974–2976.
https://doi.org/10.1128/JCM.01021-06
Vallenet D, Nordmann P, Barbe V, Poirel L, Mangenot S, 
Bataille  E, Dossat C, Gas S, Kreimeyer A, Lenoble P, et al. 
Comparative analysis of Acinetobacters: three genomes for three 
lifestyles. PLoS One. 2008 Mar 19;3(3):e1805.
https://doi.org/10.1371/journal.pone.0001805
Wilharm G, Skiebe E, Higgins PG, Poppel MT, Blaschke  U, 
Leser  S, Heider C, Heindorf M, Brauner P, Jäckel U, et al. 
Relatedness of wildlife and livestock avian isolates of the nosocomial 
pathogen Acinetobacter baumannii to lineages spread in hospitals 
worldwide. Environ Microbiol. 2017 Oct;19(10):4349–4364.
https://doi.org/10.1111/1462-2920.13931
Zander E, Nemec A, Seifert H, Higgins PG. Association between 
β-lactamase-encoding bla(OXA-51) variants and DiversiLab rep-
PCR-based typing of Acinetobacter baumannii isolates. J Clin 
Micro  biol. 2012 Jun;50(6):1900–1904.
https://doi.org/10.1128/JCM.06462-11
Zordan S, Prenger-Berninghoff E, Weiss R, van der Reijden T, 
van den Broek P, Baljer G, Dijkshoorn L. Multidrug-resistant Aci-
ne tobacter baumannii in veterinary clinics, Germany. Emerg Infect 
Dis. 2011 Sep;17(9):1751–1754.
https://doi.org/10.3201/eid1709.101931


