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Abstract

Antimicrobial resistance (AMR) in a wide range of infectious agents is a growing public health threat. Birds of
prey are considered indicators of the presence of AMR bacteria in their ecosystem because of their predatory
behaviour. Only few data are reported in the literature on AMR strains isolated from animals housed in zoos
and none about AMR in raptors housed in zoological gardens. This study investigated the antibiotic sensitivity
profile of the isolates obtained from the conjunctival and cloacal bacterial flora of 14 healthy birds of prey, 6
Accipitriformes, 3 Falconiformes and 5 Strigiformes, housed in an Italian zoological garden. Staphylococcus
spp. was isolated from 50% of the conjunctival swabs, with S. xylosus as the most common species. From cloa-
cal swabs, Escherichia coli was cultured from all animals, while Klebsiella spp. and Proteus spp. were isolated
from a smaller number of birds. Worthy of note is the isolation of Escherichia fergusonii and Serratia odorifera,
rarely isolated from raptors. Staphylococci were also isolated. All the isolates were multidrug resistant (MDR).
To the author’s knowledge, this is the first report regarding the presence of MDR strains within raptors housed
in a zoological garden. Since resistance genes can be transferred to other pathogenic bacteria, this represents a
potential hazard for the emergence of new MDR pathogens. In conclusion, the obtained data could be useful
for ex-situ conservation programmes aimed to preserve the health of the endangered species housed in a zoo.
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Introduction

‘Antimicrobial resistance (AMR) within a wide

range of infectious agents is a growing public health

threat. . .’. These words introduce, in the latest report

of the World Health Organization on AMR, one of

the major challenges for modern medicine of the 21st

century (WHO 2014) involving humans and animals

(Shallcross & Davies 2014; Grobbel et al. 2007). The

isolation of AMR bacteria from wild animals has

been reported, including many species of birds of

prey (Rouffaer et al. 2014). Birds of prey are consid-

ered indicators of AMR bacteria in their ecosystem

because of their predatory behaviour (Smith et al.

2002). In the literature, only a few papers exist on

AMR strains isolated from animals housed in zoos

(Baldy-Chudzik et al. 2008); moreover, in author’s

knowledge no information is available about AMR

in raptors housed in zoological gardens. The dissemi-

nation of AMR bacteria in zoos can be favoured by

the conservation programmes (ex-situ conservation

programmes and multi-species exhibits), which are

based on the cohabitation among different animal

species. Many modern zoos, included in international

associations such as World Association of Zoos and

Aquaria or European Association of Zoos and

Aquaria (EAZA), are involved in a breeding pro-

gramme based on a network of animal exchanges

between the various members (EAZA 2010). These

practices may represent a potential route of dissemi-

nation of AMR bacterial strains between zoological

gardens. Moreover, the possible reintroduction of
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wild animals, or of their offspring, kept in zoos to the

wildlife can represent a critical point for the release

of AMR bacteria in the environment (Radhouani

et al. 2012).

The aim of this study was to investigate antibiotic

resistance, in particular the multidrug resistance

(MDR), among the bacterial strains isolated from

cloacal and conjunctival swabs of captive raptors

housed in a zoological garden in Italy.

Materials and methods

Samples were collected in autumn (September-Octo-

ber) from 14 birds of prey, 3 Falconiformes: 3 moun-

tain caracaras (Phalcoboenus megalopterus), 6

Accipitriformes: 4 Egyptian vultures (Neophron perc-

nopterus) and 2 red-headed vultures (Sarcogyps cal-

vus), 5 Strigiformes: 2 Eurasian eagle-owls (Bubo

bubo) and 3 snowy owls (Bubo scandiacus), housed

in a zoological garden located in northern Italy

(Parco Natura Viva - Bussolengo, Verona, Italy). All

the animals were healthy, on the basis of a general

physical examination performed by the zoo veterinar-

ian, and not previously treated with antibiotics. With

the exception of the Egyptian vultures, who shared

the cage with storks, all birds were sorted in groups

by species and kept in dedicated aviaries, bounded by

grid, with a large outdoor area and a shelter area

according to the EAZA guidelines (2014) (EAZA

2014). Birds diet was determined depending on bird

species and weight. For all birds, the diet was based

on alternate-day administration of chicken thighs or

turkey wings. Moreover, various dietary supplements,

consisting of whole carcasses of rabbits or chicks or

quail or rats or mice, depending on raptor species,

were regularly provided. Mountain caracaras and

red-headed vultures were sometimes also supple-

mented with fruits. Conjunctival samples were taken

from the conjunctival sac of each eye by sterile swabs

with Amies transport medium. The enteric flora was

assessed by cloacal swabs with Amies transport med-

ium. All samples were chilled at 4°C and submitted to

the laboratory of Infectious Diseases of Animals of

the University of Parma within 12 h. Each sample

was streaked onto tryptose agar (Beckton Dickinson,

Sparks, MD, USA) containing 5% bovine

erythrocytes and Mc Conkey agar (Beckton) and

incubated aerobically for 24–48 h at 37°C. Identifica-

tion of bacterial isolates was based on their growth

and colony characteristics, Gram staining, cellular

morphology, catalase and oxidase reactions. Species

identification was carried out using the API Staph

and API 20 E biochemical test systems (bioM�erieux,

Marcy-l’Etoile, France), as well as conventional bio-

chemical tests (Quinn et al. 1994). Antimicrobial sus-

ceptibility tests were performed by Kirby-Bauer disk-

diffusion method (Carter et al. 1994).

Antibiotic resistance was evaluated on the basis

of the criteria proposed by (Magiorakos et al.

2012) and adopted by the European Centre for

Disease Prevention and Control (ECDC) and the

Centre for Disease Control and Prevention

(CDC) (ECDC 2012; CDC 2013). An isolate is

considered MDR when it is non-susceptible to at

least one antibiotic in at least three classes of

antimicrobials.

The research complies with the current law of the

European Union and Italy regarding the protection

of animals used for experimental and other scientific

purposes (Directive 86/609/EEC - D. L.vo 116/92

and Directive 2010/63/EU – D. L.vo 26/2014).

Results

Seven out of 14 birds (50%) had positive culture

from conjunctival swabs. Bacterial isolates were

recovered from 5 out of 5 Strigiformes, and from 2

out of 3 Falconiformes and belonged to the Staphylo-

coccus genus. All conjunctival swabs cultures from

Accipitriformes were negative. The most common

was S. xylosus (n = 4), while S. chromogenes, S. len-

tus and S. aureus were isolated only once (Table 1).

In cloacal swabs, Gram-positive bacteria were iso-

lated from 6 birds (3 Strigiformes and 3 Falconi-

formes), while Gram-negatives were cultured from

all birds. The most frequent was Escherichia coli

(n = 14), followed by Klebsiella spp. (n = 7), Proteus

spp. (n = 6) and Staphylococcus spp. (n = 6). Isolates

of Klebsiella and Proteus were identified to species

level as Klebsiella pneumoniae in two cases and Pro-

teus mirabilis in one case, while the API test was not

able to discriminate the other isolates (Table 1). All
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Gram-positives belonged to the Staphylococcus

genus. Detailed results are reported in Table 1. The

antibiotic susceptibility test results on isolates from

conjunctival and cloacal swabs are listed in Table 2

and 3, respectively. Antibiotic susceptibility profiles

for the following strains, of limited relevance for

birds and public health and with lower frequency of

isolation, were not reported in Table 3. Citrobacter

youngae was resistant to tetracyclines, aminoglyco-

sides, macrolides and lincosamides, and to one drug

in the penicillins, cephalosporins, cloramphenicol

and quinolones classes. Providencia stuartii was resis-

tant to all cephalosporins, aminoglycosides, macro-

lides, lincosamides and penicillins (except

amoxicillin/clavulanic acid). Raoultella ornithinolyt-

ica and Kluyvera spp. showed resistance against all

drugs in the sulphonamides, penicillins, cephalospor-

ins, tetracyclines, aminoglycosides, macrolides, lin-

cosamides and quinolones classes. At last, Serratia

odorifera was not susceptible to all the tested antibi-

otics except amoxicillin/clavulanic acid, cephalexin,

cefovecin, enrofloxacin and marbofloxacin. There-

fore, all our isolates were MDR.

Discussion

AMR is one of the most serious emerging health

threats (Rossolini et al. 2014). The nature and extent

of this problem are studied extensively in both

humans and animals (Shallcross & Davies 2014).

Free-living raptors were already investigated as car-

riers of AMR strains (Rouffaer et al. 2014). How-

ever, the impact of this phenomenon among birds of

prey housed in zoological gardens has not yet been

investigated.

We observed a clear predominance of Gram-posi-

tive isolates from conjunctival swabs from clinically

healthy eyes. In particular, coagulase-negative

staphylococci (CoNS) were the most frequent. This

finding is in agreement with previous surveys per-

formed on several species of reptiles and birds

(Dupont et al. 1994; Taddei et al. 2010; Di Ianni et al.

2015). CoNS are usually non-pathogenic, but occa-

sionally can be involved in ocular infections, influ-

enced by population density, gender or age (Benskin

et al. 2009). In our samples, S. aureus has been iso-

lated from healthy eyes. This known pathogen can

Table 1. Bacteria isolated from conjunctival and cloacal swabs

Number (%) of animals positive

Accipitriformes

(N = 6)

Falconiformes

(N = 3)

Strigiformes

(N = 5)

Total

(N = 14)

Conjunctival swabs

Staphylococcus xylosus 0 (0) 0 (0) 4 (80) 4 (29)

Staphylococcus chromogenes 0 (0) 0 (0) 1 (20) 1 (7)

Staphylococcus lentus 0 (0) 1 (33) 0 (0) 1 (7)

Staphylococcus aureus 0 (0) 1 (33) 0 (0) 1 (7)

Cloacal swabs

Staphylococcus aureus 0 (0) 2 (67) 2 (40) 4 (29)

Staphylococcus simulans 0 (0) 1 (33) 0 (0) 1 (7)

Staphylococcus xylosus 0 (0) 0 (0) 1 (20) 1 (7)

Escherichia coli 6 (100) 3 (100) 5 (100) 14 (100)

Escherichia fergusonii 2 (33) 0 (0) 0 (0) 2 (14)

Proteus spp. 3 (50) 1 (33) 1 (20) 5 (36)

Proteus mirabilis 1 (17) 0 (0) 0 (0) 1 (7)

Klebsiella spp. 3 (50) 0 (0) 2 (40) 5 (36)

Klebsiella pneumoniae 0 (0) 0 (0) 2 (40) 2 (14)

Kluyvera spp. 0 (0) 0 (0) 2 (40) 2 (14)

Serratia odorifera 0 (0) 0 (0) 2 (40) 2 (14)

Citrobacter youngae 1 (17) 0 (0) 0 (0) 1 (7)

Providencia stuartii 0 (0) 1 (33) 0 (0) 1 (7)

Raoultella ornithinolytica 1 (17) 0 (0) 0 (0) 1 (7)
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inhabit the ocular surface of many animal species

without any appreciable symptom (Murphy et al.

1978; Foti et al. 2013).

From cloacal swabs, we observed mostly Gram-

negative isolates, in particular, E. coli, Proteus spp.

and Klebsiella spp. E. coli and Proteus spp. are con-

sidered normal components of the intestinal bacterial

flora of captive raptors (Bangert et al. 1988; Lamber-

ski et al. 2003). However, under stressful conditions,

these bacteria may cause opportunistic infections

involving different organs and tissues (Gerlach

1994). Of particular interest is the isolation in our

samples of Escherichia fergusonii and S. odorifera

(Bangert et al. 1988), previously reported in captive

raptors and in healthy and sick chickens (Forgetta

et al. 2012; Oh et al. 2012). S. odorifera was also iso-

lated in diseased dogs (Lee et al. 2006; Yamada et al.

2013). Among our isolates other findings, such as

Citrobacter youngae, Providencia stuartii and Raoul-

tella ornithinolytica are reported within the gut flora

of wild birds (Hernandez et al. 2003) and have been

isolated from diseased animals (Waldhalm et al.

1969). The profile of antibiotic resistance of our iso-

lates deserves special attention, because all our iso-

lates were MDR. Even if these data are in

agreement with previous studies on wild birds,

including raptors (Tosi et al. 2014; Sousa et al. 2014),

the extent of multi-resistant isolates detected in this

study was unexpected. Moreover, this is the first

report on MDR isolates in raptors in a zoological

garden. Although it is difficult to explain how AMR

isolates developed, also because these animals do not

undergo antibiotic treatments, nevertheless we can

still make some considerations. In general terms, the

transmission of AMR may be due to the spread of

whole AMR bacteria or to horizontal gene transfer,

both at level of animal hosts and in terrestrial and

aquatic habitats (Dr€oge et al. 1999; Marshall & Levy

2011). In our case, some elements of risk can be con-

sidered. The first element concerns the food given to

animals. Rabbits, quails, mice and rats were bred in

internal facilities and massive external contamination

can be excluded. Chicken thighs and turkey wings

were of high quality and fit for human consumption,

meeting rigorous food safety and hygiene specifica-

tions. Chicks were purchased and no further microbi-

ological or toxicological control was performed. A

second element is related to the exchange of birds of

prey between zoos or their shift from one enclosure

to another, within the zoo, that occasionally occurs

due to a renewal of an enclosure or changes in the

collection plan. In these cases, cages are washed and

disinfected as well as possible, but a complete disin-

fection is not easy to obtain because cages are fur-

nished (i.e. perches of natural wood, natural bushes,

stones, natural floor, etc.). Incoming raptors can only

come from zoos that meet the requirements of the

Directive 1999/22/CE – D. L.vo 73/2005. For these

Table 2. Antibiotic resistance of bacterial isolates from conjunctival

swabs

Antibiotics Number (%) of resistant isolates

Coagulase-negative

Staphylococcus spp.

(N = 6)

Staphylococcus

aureus

(N = 1)

Sulphonamides TS* 3 (50) 1 (100)

Penicillins PG 5 (83) 1 (100)

AP 5 (83) 1 (100)

A 6 (100) 1 (100)

AMC 6 (100) 1 (100)

Cephalosporins CDX 0 (0) 0 (0)

CL 0 (0) 0 (0)

KZ 6 (100) 1 (100)

CVN 0 (0) 0 (0)

Tetracyclines OT 2 (33) 1 (100)

DXT 6 (100) 1 (100)

Aminoglycosides S 2 (33) 1 (100)

K 0 (0) 0 (0)

GM 6 (100) 1 (100)

AK 0 (0) 0 (0)

Macrolides E 3 (50) 1 (100)

TY 6 (100) 1 (100)

Lincosamides MY 6 (100) 1 (100)

CD 6 (100) 1 (100)

Chloramphenicol C 3 (50) 1 (100)

Quinolones ENR 1 (17) 0 (0)

CIP 6 (100) 1 (100)

MAR 6 (100) 1 (100)

Antibiotic concentrations, reported in parentheses, are expressed

in micrograms. *TS, Sulfa-trimethoprim (25); PG, Penicillin G

(10); AP, Ampicillin (25); A, Amoxicillin (25); AMC, Amoxicillin

\clavulanate (30); CDX, Cefadroxil (30); CL, Cefalexin (30); KZ,

Cefazolin (30); CVN, Cefovecin (30); OT, Oxytetracycline (30);

DXT, Doxycycline (30); S, Streptomycin (10); K, Kanamycin (30);

GM, Gentamycin (10); AK, Amikacin (30); E, Erythromycin (15);

TY, Tylosin (30); MY, Lincomycin (15); CD, Clindamycin (2); C,

Chloramphenicol (30); ENR, Enrofloxacin (5); CIP, Ciprofloxacin

(5); MAR, Marbofloxacin (5).
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animals, quarantine is not required. It is therefore

not possible to exclude the risk of spread of AMR

bacteria, especially if non-pathogenic, from the

incoming animals. Regarding the role of the environ-

ment in the dissemination of antibiotic resistance, it

has been reported that gene-exchange through con-

jugation, transformation or transduction also occur

in nature (Dr€oge et al. 1999). Moreover, usage of

antimicrobials in food animals represents a substan-

tial proportion of the overall consumption of antimi-

crobials worldwide and antibiotics, as well as

antibiotic-resistant bacteria, can be released into the

environment from animal farms. The zoo in this

study is located at the northern border of the Po

river valley, between the neighbouring Adige river

and Garda lake. However, the zoo is not in direct

contact with these sources of water and animals are

watered with tap water. There are many intensive

cattle, pig and poultry farms in the Po valley. In the

area where the zoo is located, however, there are

mostly vineyards. In conclusion, all the considered

factors cannot be quantified and do not allow to

establish whether and how the presence of MDR

bacteria detected in birds of prey can be attributable

to the environment and to the small wild animals

present in it. Anyhow, considering our results, we

think that these birds could represent a risk for the

transmission of MDR bacteria to other animal spe-

cies. This should be taken into consideration when

designing the layout of a multi-species exhibit or

when planning the transfer of birds from one zoo to

another.

Table 3. Antibiotic resistance of bacterial isolates from cloacal swabs

Antibiotics Number (%) of resistant isolates

Escherichia coli

(N = 14)

Escherichia

fergusonii

(N = 2)

Proteus

(N = 6)

Klebsiella

(N = 7)

Staphylococcus

aureus

(N = 4)

Coagulase-negative

Staphylococci

(N = 2)

Sulfonamides TS* 11 (79) 0 (0) 2 (33) 7 (100) 2 (50) 1 (50)

Penicillins PG 13 (93) 2 (100) 6 (100) 7 (100) 4 (100) 1 (50)

AP 8 (57) 2 (100) 6 (100) 7 (100) 4 (100) 1 (50)

A 8 (57) 0 (0) 5 (83) 7 (100) 2 (50) 0 (0)

AMC 9 (64) 2 (100) 2 (33) 4 (57) 4 (100) 1 (50)

Cephalosporins CDX 12 (86) 2 (100) 3 (50) 7 (100) 2 (50) 0 (0)

CL 12 (86) 0 (0) 6 (100) 7 (100) 3 (75) 1 (50)

KZ 7 (50) 2 (100) 6 (100) 6 (85) 4 (100) 2 (100)

CVN 1 (7) 2 (100) 2 (33) 0 (0) 2 (50) 0 (0)

Tetracyclines OT 9 (64) 0 (0) 6 (100) 7 (100) 2 (50) 1 (50)

DXT 10 (71) 2 (100) 6 (100) 7 (100) 4 (100) 2 (100)

Aminoglycosides S 8 (57) 2 (100) 6 (100) NT† 4 (100) 2 (100)

K 13 (93) 2 (100) 6 (100) 7 (100) 4 (100) 2 (100)

GM 12 (86) 2 (100) 6 (100) 7 (100) 4 (100) 2 (100)

AK 12 (86) 2 (100) 6 (100) NT 4 (100) 2 (100)

Macrolides E 14 (100) 2 (100) 6 (100) 7 (100) 4 (100) 2 (100)

TY 14 (100) 2 (100) 6 (100) 7 (100) 4 (100) 2 (100)

Lincosamides MY 14 (100) 2 (100) 6 (100) 7 (100) 4 (100) 2 (100)

CD 13 (93) 2 (100) 6 (100) 7 (100) 4 (100) 1 (50)

Chloramphenicol C 1 (7) 0 (0) 3 (50) NT 3 (75) 0 (0)

Quinolones ENR 9 (64) 0 (0) 6 (100) 6 (85) 2 (50) 0 (0)

CIP 11 (79) 2 (100) 2 (33) 7 (100) 4 (100) 2 (100)

MAR 6 (43) 0 (0) 2 (33) 6 (85) 3 (75) 1 (50)

Antibiotic concentrations, reported in parentheses, are expressed in micrograms. *TS, Sulfa-trimethoprim (25); PG, Penicillin G (10); AP,

Ampicillin (25); A, Amoxicillin (25); AMC, Amoxicillin\clavulanate (30); CDX, Cefadroxil (30); CL, Cefalexin (30); KZ, Cefazolin (30);

CVN, Cefovecin (30); OT, Oxytetracycline (30); DXT, Doxycycline (30); S, Streptomycin (10); K, Kanamycin (30); GM, Gentamycin (10);

AK, Amikacin (30); E, Erythromycin (15); TY, Tylosin (30); MY, Lincomycin (15); CD, Clindamycin (2); C, Chloramphenicol (30); ENR,

Enrofloxacin (5); CIP, Ciprofloxacin (5); MAR, Marbofloxacin (5).†NT, not tested.
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Conclusions

1. Despite the low number of subjects tested, to the

author’s knowledge this is the first report regarding

the presence of MDR strains within raptors housed

in a zoological garden.

2. Since resistance genes can be transferred to other

pathogenic bacteria, there is a potential hazard for the

emergence of new multidrug-resistant pathogens, espe-

cially in a limited environment such as those of a zoo.

3. The transfer of animals between different zoos, or

their possible release back to the wildlife, could lead

to a widespread of MDR bacteria even in geographi-

cally different areas.

4. Monitoring of microbial flora of these animals

could be useful to preserve the health of the endan-

gered species housed in a zoo and improve ex-situ

conservation programmes.

Acknowledgements

The authors thank Caterina Spiezio for critical read-

ing of the manuscript.

Source of Funding

No external funding was required.

Conflicts of interest

The authors declare that they have no conflicts of

interest.

Contributions

The authors have no additional contributions to

declare.

References

Baldy-Chudzik K., Mackiewicz P. & Stosik M. (2008) Phy-

logenetic background, virulence gene profiles, and geno-

mic diversity in commensal Escherichia coli isolated

from ten mammal species living in one zoo. Veterinary

Microbiology 131, 173–184.

Bangert R.L., Ward A.C., Stauber E.H., Cho B.R. &

Widders P.R. (1988) A survey of the aerobic bacteria in

the feces of captive raptors. Avian Diseases 32, 53–62.

Benskin C.M., Wilson K., Jones K. & Hartley I.R. (2009)

Bacterial pathogens in wild birds: a review of the fre-

quency and effects of infection. Biological Reviews of

the Cambridge Philosophical Society 84, 349–373.

Carter M., Quinn P., Markey M. & Carter G. (1994) Clini-

cal Veterinary Microbiology. Wolfe Publishing: Spain.

CDC (2013) Antibiotic Resistance Threats in the United

States, 2013.

Di Ianni F., Dodi P.L., Cabassi C.S., Pelizzone I., Sala A.,

Cavirani S. et al. (2015) Conjunctival flora of clinically

normal and diseased turtles and tortoises. BMC Veteri-

nary Research 11, 91.

Dr€oge M., P€uhler A. & Selbitschka W. (1999) Horizontal

gene transfer among bacteria in terrestrial and aquatic

habitats as assessed by microcosm and field studies.

Biology and Fertility of Soils 29, 221–245.

Dupont C., Carrier M. & Higgins R. (1994) Bacterial and

fungal flora in healthy eyes of birds of prey. The Cana-

dian Veterinary Journal La Revue Veterinaire Canadi-

enne 35, 699–701.

EAZA (2010) EAZA Yearbook 2007/2008.

EAZA (2014) Standards for the Accomodation and Care

of Animals in Zoos and Aquaria. EAZA: http://www.

eaza.net/assets/Uploads/Standards-and-policies/Standards-

for-the-Accommodation-and-Care-of-Animals-2014.pdf.

ECDC (2012) Antimicrobial resistance surveillance in

Europe.

Forgetta V., Rempel H., Malouin F., Vaillancourt R. Jr,

Topp E., Dewar K. & Diarra M.S. (2012) Pathogenic

and multidrug-resistant Escherichia fergusonii from broi-

ler chicken. Poultry Science 91, 512–525.

Foti M., Fisichella V. & Giacopello C. (2013) Detection of

methicillin-resistant Staphylococcus aureus (MRSA) in

the microbial flora from the conjunctiva of healthy don-

keys from Sicily (Italy). Veterinary Ophthalmology 16,

89–92.

Gerlach E. (1994) Bacteria. In: Avian Medicine: Principles

and Application (eds B.W. Ritchie, G.J. Harrison &

L.R. Harrison), 949–983. Wingers Pub: Lake Worth,

Fla..

Grobbel M., Lubke-Becker A., Alesik E., Schwarz S.,

Wallmann J., Werckenthin C. & Wieler L.H. (2007)

Antimicrobial susceptibility of Escherichia coli from

swine, horses, dogs and cats as determined in the BfT-

GermVet monitoring program 2004-2006. Berliner und

Munchener tierarztliche Wochenschrift 120, 391–401.

Hernandez J., Bonnedahl J., Waldenstrom J., Palmgren H.

& Olsen B. (2003) Salmonella in birds migrating

through Sweden. Emerging Infectious Diseases 9, 753–

755.

© 2016 The Authors. Veterinary Medicine and Science Published by John Wiley & Sons Ltd.
Veterinary Medicine and Science (2016), 2, pp. 239–245

A. Sala et al.244

http://www.eaza.net/assets/Uploads/Standards-and-policies/Standards-for-the-Accommodation-and-Care-of-Animals-2014.pdf
http://www.eaza.net/assets/Uploads/Standards-and-policies/Standards-for-the-Accommodation-and-Care-of-Animals-2014.pdf
http://www.eaza.net/assets/Uploads/Standards-and-policies/Standards-for-the-Accommodation-and-Care-of-Animals-2014.pdf


Lamberski N., Hull A.C., Fish A.M., Beckmen K. & Mor-

ishita T.Y. (2003) A survey of the choanal and cloacal

aerobic bacterial flora in free-living and captive red-

tailed hawks (Buteo jamaicensis) and Cooper’s hawks

(Accipiter cooperii). Journal of Avian Medicine and

Surgery 17, 131–135.

Lee J., Carey J. & Perlman D.C. (2006) Pneumonia and

bacteremia due to Serratia odorifera. The Journal of

Infection 53, 212–214.

Magiorakos A.P., Srinivasan A., Carey R.B., Carmeli Y.,

Falagas M.E., Giske C.G. et al. (2012) Multidrug-resis-

tant, extensively drug-resistant and pandrug-resistant

bacteria: an international expert proposal for interim

standard definitions for acquired resistance. Clinical

Microbiology and Infection: The Official Publication of

The European Society of Clinical Microbiology and

Infectious Diseases 18, 268–281.

Marshall B.M. & Levy S.B. (2011) Food animals and

antimicrobials: impacts on human health. Clinical

Microbiology Reviews 24, 718–733.

Murphy J.M., Lavach J.D. & Severin G.A. (1978) Survey

of conjunctival flora in dogs with clinical signs of exter-

nal eye disease. Journal of the American Veterinary

Medical Association 172, 66–68.

Oh J.Y., Kang M.S., An B.K., Shin E.G., Kim M.J., Kwon

J.H. & Kwon Y.K. (2012) Isolation and epidemiological

characterization of heat-labile enterotoxin-producing

Escherichia fergusonii from healthy chickens. Veterinary

Microbiology 160, 170–175.

Quinn P., Carter M., Markey B., Carter G. (1994)

Bacterial pathogens: microscopy, culture and identifi-

cation. In: Clinical Veterinary Microbiology. London:

Mosby- Year Book Europe Limited, 1994, 21–66.

Radhouani H., Poeta P., Goncalves A., Pacheco R., Sargo

R. & Igrejas G. (2012) Wild birds as biological indica-

tors of environmental pollution: antimicrobial resistance

patterns of Escherichia coli and enterococci isolated

from common buzzards (Buteo buteo). Journal of Medi-

cal Microbiology 61(Pt 6), 837–843.

Rossolini G.M., Arena F., Pecile P. & Pollini S. (2014)

Update on the antibiotic resistance crisis. Current Opin-

ion in Pharmacology 18C, 56–60.

Rouffaer L.O., Haesebrouck F. & Martel A. (2014)

Extended-spectrum b-lactamase-producing enterobacte-

riaceae isolated from feces of falconidae, accipitridae,

and laridae in bird rescue centers in Belgium. Journal of

Wildlife Diseases 50, 957–960.

Shallcross L.J. & Davies S.C. (2014) The World Health

Assembly resolution on antimicrobial resistance. The

Journal of Antimicrobial Chemotherapy 69, 2883–2885.

Smith W.A., Mazet J.A. & Hirsh D.C. (2002) Salmonella

in California wildlife species: prevalence in rehabilita-

tion centers and characterization of isolates. Journal of

Zoo and Wildlife Medicine: Official Publication of the

American Association of Zoo Veterinarians 33, 228–235.

Sousa M., Silva N., Igrejas G., Silva F., Sargo R., Alegria

N. et al. (2014) Antimicrobial resistance determinants in

Staphylococcus spp. recovered from birds of prey in

Portugal. Veterinary Microbiology 171, 436–440.

Taddei S., Dodi P.L., Di Ianni F., Cabassi C.S. & Cavirani

S. (2010) Conjunctival flora of clinically normal captive

green iguanas (Iguana iguana). The Veterinary Record

167, 29–30.

Tosi G., Fiorentini L., Casadio M., Massi P. (2014) Anda-

mento della sensibilit�a antibiotica nei confronti di ceppi

di Escherichia coli isolati da specie avicole allevate e da

avifauna selvatica. Proceedings of the LIII Convegno

Annuale - Societ�a Italiana di Patologia Aviare, 204–212.

Waldhalm D.G., Meinershagen W.A. & Frank F.W.

(1969) Providencia stuartii as an etiologic agent in

neonatal diarrhea in calves. American Journal of Veteri-

nary Research 30, 1573–1575.

WHO (2014) Antimicrobial Resistance: Global Report on

surveillance.

Yamada N., Hashimoto S., Tomonari Y., Kokoshima H.,

Doi T., Sato J. et al. (2013) Bacterial pleuritis with

thickened mesothelial hyperplasia in a young beagle

dog. Journal of Toxicologic Pathology 26, 313–317.

© 2016 The Authors. Veterinary Medicine and Science Published by John Wiley & Sons Ltd.
Veterinary Medicine and Science (2016), 2, pp. 239–245

Antibiotic resistance in captive raptors 245


