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Significance and Impact of the Study: This study shows antimicrobial resistance in commensal bacteria
from the free-range, Portuguese, Iberian wolf population. The results indicate that the Iberian wolf
could contribute to the spread of resistant bacteria throughout the environment. Additionally, in case
of infection, an increased risk of therapeutic failure due to the presence of multiresistant bacteria may
represent a health problem for this endangered species. Future studies must be performed to analyse
the possible contamination of these animals through the environment and/or the food chain.
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Abstract

The aim of this study was to report the antimicrobial resistance, the molecular

mechanisms associated and the detection of virulence determinants within

faecal Enterococcus spp. and Escherichia coli isolates of Iberian wolf. Enterococci

(n = 227) and E. coli (n = 195) isolates were obtained from faecal samples of

Iberian wolf (Canis lupus signatus). High rates of resistance were detected for

tetracycline and erythromycin among the enterococci isolates, and most of

resistant isolates harboured the tet(M) and/or tet(L) and erm(B) genes,

respectively. The blaTEM, tet(A) and/or tet(B), and aadA or strA-strB genes were

detected among most ampicillin-, tetracycline- or streptomycin-resistant E. coli

isolates, respectively. E. coli isolates were ascribed to phylogroups A (n = 56),

B1 (91), B2 (13) and D (35). The occurrence of resistant enterococci and E.

coli isolates in the faecal flora of Iberian wolf, including the presence of

resistant genes in integrons, and virulence determinants was showed in this

study. Iberian wolf might act as reservoir of certain resistance genes that could

be spread throughout the environment.

Introduction

Enterococcus spp. and Escherichia coli are common inhab-

itants of the intestinal tract of animals and humans and

are also commonly found in food products, plants, water

and soil (Silva et al. 2010). These bacteria are associated

with both community- and hospital-acquired infections

because they sometimes carry virulence determinants

often found in pathogenic strains and can also easily

acquire and transfer resistance genes (Ruiz et al. 2002;

Paterson and Bonomo 2005; Aarestrup et al. 2008). Con-

sequently, the level of antimicrobial resistance in these

micro-organisms is considered to be a good indicator that

might be used to track the evolution of antimicrobial

resistance in different ecosystems (Sørum and Sunde

2001; Silva et al. 2010). Studies concerning the incidence

of resistant enterococci and E. coli isolates in wild animals

are available in the literature (Caprioli et al. 1991; Lilleh-

aug et al. 2005; Poeta et al. 2005; Costa et al. 2008;

Schierack et al. 2009; Silva et al. 2010; Allen et al. 2011;
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Radhouani et al. 2012). Still, the flow of resistant micro-

organisms and resistant genes from livestock and humans

to wildlife, or vice-versa, remains poorly understood

despite the fact that wild animals may act as reservoirs of

resistant genetic elements that could be spread across the

environment (Sørum and Sunde 2001; Aarestrup et al.

2008; Radhouani et al. 2010b).

The Portuguese population of Iberian wolf (Canis lupus

signatus) is endangered (Cabral et al. 2008). The Wolf

Group, a Portuguese, independent, nonprofit organization

that works for the wolf conservation and its ecosystem in

Portugal, identifies the Portuguese wolf population with

approximately 300 individuals, 90% of which inhabit the

area north of Douro River and are in continuity with the

Spanish wolf population (�Alvares 2004). This species typi-

cally hunts deer and wild boars. However, due to the

decline of prey population along with habitat loss, live-

stock has become an important portion of their diet

(�Alvares 2004). Their predatory and travelling habits

might expose this species to food remains or faecal mate-

rial from farm animals or even from humans that carry

resistant strains.

Previous studies carried out by our group were

focused to analyse the faecal colonization by vancomy-

cin-resistant enterococci and E. coli isolates producing

extended-spectrum b-lactamases (ESBL) in the free-range,

Portuguese, Iberian wolf population (Gonc�alves et al.

2011, 2012). In the referred studies, faecal samples were

seeded on Slanetz–Bartley supplemented with vancomy-

cin and Levine agar plates supplemented with cefotaxime

to recover the vancomycin-resistant enterococci isolates

and the cefotaxime-resistant E. coli isolates, respectively.

The present study has been focused to investigate the

antimicrobial resistance, the molecular mechanisms asso-

ciated and the detection of virulence determinants within

nonselected faecal Enterococcus spp. and E. coli isolates of

Iberian wolf, to obtain a deeper knowledge about the

distribution of antimicrobial resistance genes in this wild

ecosystem.

Results and discussion

Enterococci were recovered from 227 of 237 faecal sam-

ples (96%) and E. coli in 195 of tested faecal samples

(82%). Enterococcus faecium and Ent. faecalis are usually

the prevalent enterococcal species among isolates recov-

ered from faecal samples of wild animals (Silva et al.

2010). Accordingly, Ent. faecium was the prevalent iso-

lated species (117 isolates), being Ent. hirae (63 isolates)

the second most frequent species, followed by Ent. faecalis

(27 isolates) and Ent. durans (20 isolates). Interestingly,

similar results were obtained in a study performed with

wild boars in Northern Portugal (Poeta et al. 2007).

None of our enterococci, recovered in nonselective

plates, showed vancomycin resistance. Nevertheless, this

type of resistance was previously detected in this species

when enterococci were recovered using vancomycin-sup-

plemented agar plates (Gonc�alves et al. 2011). This fact

suggests that VRE might be present within the faecal

enterococcal population of wild wolves, but in a lower

proportion when compared with the vancomycin suscep-

tible ones, and could not be detected when nonsupple-

mented plates were used for bacterial isolation.

The enterococcal isolates showed high frequency of

resistance to tetracycline (55%), erythromycin (22%) and

ciprofloxacin (15%) and lower values for quinupristin–
dalfopristin (11%), kanamycin (7%), ampicillin (4%),

streptomycin (3%), chloramphenicol (2%) and gentami-

cin (1%). With the exception of tetracycline resistance,

similar results were previously described in a study per-

formed with wild rabbits in Northern Portugal (Silva

et al. 2010). In a study performed with wild boars, similar

values of resistance to tetracycline, ciprofloxacin, kanamy-

cin, ampicillin, streptomycin and chloramphenicol were

also found. It is noteworthy that only 34% of the Entero-

coccus isolates were susceptible to all tested antimicrobial

agents.

Table 1 shows the antimicrobial resistance genes

detected by PCR. Most of tetracycline-resistant isolates

harboured both tet(M) and tet(L) genes. Additionally,

39% and 8% of our tet(M)-positive enterococci carried

specific sequences of Tn916/Tn1545 and Tn5397 transpo-

sons, respectively. The tet(M) and tet(L) genes, encoding

for tetracycline resistance, are commonly reported among

enterococci (Silva et al. 2010). The erm(B) and erm(A)

genes, responsible for acquired erythromycin resistance,

were detected in 22 and one of the 50 erythromycin-resis-

tant isolates, respectively. Among our high-level-amino-

glycoside-resistant enterococci, the aac(6′)-aph(2″) gene

was found in one gentamicin-resistant isolate; the ant(6)-

Ia gene, also in one streptomycin-resistant isolate; and the

aph(3′)-IIIa gene, in 15 kanamycin-resistant isolates.

These genes have also been found in previous reports

among high-level-aminoglycoside-resistant enterococci

from wild animals in Portugal (Poeta et al. 2005; Silva

et al. 2010). None of the Enterococcus isolates recovered

in this study presented one of the tested genes encoding

virulence factors. Likewise, none showed beta-haemolytic

or gelatinase activity. These results are in agreement with

other authors, who showed that generally, virulence

factors appear more commonly associated with clinical

enterococcal isolates and most frequently associated with

Ent. faecalis (L�opez et al. 2009).

Concerning the E. coli isolates, 57% showed susceptibil-

ity to all antimicrobial agents tested. None of the E. coli

isolates exhibited resistance to cefotaxime, ceftazidime,

Letters in Applied Microbiology 56, 268--274 © 2013 The Society for Applied Microbiology 269

A. Gonc�alves et al. Antimicrobial resistance in Iberian wolf



Table 1 Resistance genes detected in antimicrobial-resistant enterococci and E. coli isolates obtained from faecal samples of Iberian wolf

Bacteria Antimicrobial agent (disc charge)

Number of

resistant isolates

Genes detected by PCR

Resistance genes and

genetic elements

Number

of isolates

Enterococci (n = 227)

Enterococcus faecium (n = 117) Tetracycline (30 lg) 75 tet(M) 4

tet(L) 3

tet(M) + tet(L) 34

tet(M) + Tn916 18

tet(M) + Tn5397 2

tet(M) + Tn916 + Tn5397 1

tet(M) + tet(L) + Tn916 11

tet(M) + tet(L) + Tn5397 2

Erythromycin (15 lg) 38 erm(A) 1

erm(B) 13

Ampicillin (10 lg) 9 – –

Ciprofloxacin (5 lg) 27 – –

Quinupristin–dalfopristin (15 lg) 1 vatD or vatE 0

Streptomycin (300 lg) 5 ant(6)-Ia 1

Gentamicin (120 lg) 2 aac(6′)-Ie-aph(2″)-Ia 1

Kanamycin (120 lg) 10 aph(3′)-IIIa 9

Enterococcus hirae (n = 63) Tetracycline (30 lg) 20 tet(M) 2

tet(M) + tet(L) 8

tet(M) + Tn916 2

tet(M) + Tn5397 2

tet(M) + tet(L) + Tn916 5

tet(M) + tet(L) + Tn5397 1

Ampicillin (10 lg) 1 – –

Ciprofloxacin (5 lg) 3 – –

Quinupristin-dalfopristin (15 lg) 2 vatD or vatE 0

Enterococcus faecalis (n = 27) Chloramphenicol (30 lg) 4 catA 0

Tetracycline (30 lg) 19 tet(L) 3

tet(M) 2

tet(M) + tet(L) 8

tet(M) + tn916 1

tet(M) + tet(L) + Tn916 5

Erythromycin (15 lg) 12 erm(B) 9

Ciprofloxacin (5 lg) 3 – –

Streptomycin (300 lg) 2 ant(6)-Ia 0

Gentamicin (120 lg) 1 aac(6′)-Ie-aph(2″)-Ia 0

Kanamycin (120 lg) 6 aph(3′)-IIIa 6

Enterococcus durans (n = 20) Tetracycline (30 lg) 10 tet(M) 1

tet(M) + tet(L) 5

tet(M) + tn916 1

tet(M) + tet(L) + tn916 2

tet(M) + tet(L) + tn5397 1

Escherichia coli (n = 195) Ampicillin (10 lg) 49 blaTEM 32

Tetracycline (30 lg) 58 tet(A) 23

tet(B) 14

Gentamicin (10 lg) 1 aac(3)-II 1

Amikacin (30 lg) 2 – –

Tobramycin (10 lg) 4 – –

Streptomycin (10 lg) 48 aadA 26

strA-strB 22

Nalidixic acid (30 lg) 20 – –

Ciprofloxacin (5 lg) 6 – –

Sulfamethoxazole–trimethoprim (25 lg) 24 sul1 4

sul2 6

sul1 + sul2 13

sul1 + sul2 + sul3 1

Chloramphenicol (30 lg) 10 cmlA 2
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aztreonam and imipenem. Additionally, resistance to

amoxicillin plus clavulanic acid, cefoxitin, gentamicin and

amikacin was � 1%. Higher levels of resistance were

detected for tetracycline (30%), ampicillin (25%), strepto-

mycin (25%) and sulfamethoxazole–trimethoprim (12%).

Lower levels of resistance were shown for nalidixic acid

(10%), chloramphenicol (5%), ciprofloxacin (3%) and

tobramycin (2%). The results obtained in our study are

similar with those previously reported among wild

animals in Portugal (Costa et al. 2008; Radhouani et al.

2009).

As indicated in Table 1, 32 of the 49 ampicillin-resis-

tant E. coli isolates harboured the blaTEM gene. This result

was expected, as classical TEM enzymes are the predomi-

nant mechanism of ampicillin resistance in E. coli (Silva

et al. 2010). The tet(A) and tet(B) genes, encoding for

tetracycline resistance, were detected in 23 and 14 isolates,

respectively, and had been the most frequent genes

reported among isolates from different origins (S�aenz

et al. 2004). The cmlA gene, encoding a chloramphenicol-

specific exporter, was identified in 2 of our 10 chloram-

phenicol-resistant isolates. The aadA or strA-strB genes

were detected among the streptomycin-resistant isolates.

These genes, encoding enzymes for streptomycin resis-

tance, were previously found and are widely disseminated

in streptomycin-resistant E. coli isolates from animals,

humans and plants (Sunde and Norstrom 2005). The

gene encoding for gentamicin acetyltransferase AAC(3)-II

was detected in one isolate. Different combinations of

sul1, sul2 and sul3 genes were identified in all the sulfa-

methoxazole–trimethoprim-resistant E. coli isolates. The

presence of class 1 and class 2 integrons was confirmed in

13 and one isolates, respectively, all containing the

dfrA1 + aadA1 cassette array. Similar structures have been

reported in E. coli isolates from different sources (S�aenz

et al. 2004; Radhouani et al. 2009). Concerning the phy-

logenetic groups, 56 isolates were ascribed to the phyloge-

netic group A; 91 isolates, to B1; 13 isolates, to B2; and

35 isolates, into the phylogroup D. The faecal origin of

our isolates might explain the higher prevalence of A and

B1 phylogroups, because these groups are comprised

mostly by commensal isolates (Radhouani et al. 2010a).

The prevalence of virulence determinants was as follows:

the fimA gene was detected in 142 isolates; the aer and

fimA genes, in 27 isolates; the papC and fimA genes, in

six isolates; the papC and cnf1, in one isolate; and the aer,

papC and fimA genes, in three isolates. The predominance

of fimA (type 1 fimbriae) is in agreement with a previous

work performed in wild animals (Radhouani et al. 2012).

The fimA gene, encoding the major subunit of the E. coli

type 1 fimbriae, was the most frequently found virulence

factor-encoding gene detected in E. coli isolates responsi-

ble for urinary tract infection in humans (Ruiz et al.

2002). Still, the presence of virulence genes in our com-

mensal isolates should not be interpreted as a process of

active virulence gene acquisition, but as a part of a sur-

vival mechanism that ensures greater genetic diversity,

increasing their survival capability in the host animal

(Chapman et al. 2006).

It has been observed an association between the level of

antimicrobial resistance in faecal bacteria from wildlife

populations and the level of contact of these animals with

people. For instance, while a high prevalence of antibiotic

resistance in faecal Enterobacteriaceae from wild rodents

that had not been exposed to antibiotics was detected in

England, the absence of resistance among Enterobacteria-

ceae of wild moose, deer and voles was reported in

Finland (Gilliver et al. 1999; Osterblad et al. 2001). The

Portuguese Iberian wolf population live in ecosystems

other than those closely related to humans or containing

obvious antimicrobial resistance selection pressures. Still,

travelling large distances could expose this species to food

remains or faecal material from farm animals or even

from humans that carry resistant strains (Aarestrup et al.

2008). The acquisition of antimicrobial-resistant entero-

cocci and E. coli isolates by this species could also be

explained through the predatory behaviour of these ani-

mals. There are several examples of transfer of resistant

bacteria between animals and from animals to man via

the food chain (Teale 2002; Aarestrup et al. 2008). Conse-

quently, Iberian wolf might be contaminated through the

food chain, as the presence of resistant E. coli strains has

been previously detected in its preys (Caprioli et al. 1991;

Lillehaug et al. 2005; Schierack et al. 2009; Silva et al.

2010).

Concluding, the Iberian wolf might act as reservoir of

resistant bacteria. The results obtained in this study indi-

cate that Iberian wolf harbours multiresistant enterococci

and E. coli isolates and, through their predatory and trav-

elling habits, could spread these resistant bacteria, and/or

their resistant genes, throughout the environment.

Materials and methods

Two hundred and thirty-seven faecal samples were

obtained from free-ranging Iberian wolf (Canis lupus sign-

atus) during 2008 and 2009. Faecal samples were collected

from the soil in the north-east of Portugal in five loca-

tions/mountainous regions (Falperra, Alv~ao, Minh�eu,

Padrela and Candedo). These locations are in the north

side of the Douro River and are remote from urban cen-

tres. Still, some small villages are inside the habitat range

of the Iberian wolf. Sample gathering was carried out dur-

ing surveillance studies performed by the Wolf Group.

For enterococci recovery, samples were seeded in Slanetz–
Bartley agar plates. One colony per sample with typical
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enterococcal morphology was identified to the genus and

species level by Gram staining, catalase test, bile-aesculin

reaction and by biochemical tests using the API ID20

Strep system (BioM�erieux, La Balme, Les Grottes, France).

Species identification was confirmed by polymerase chain

reaction (PCR) using specific primers and conditions for

Ent. faecalis, Ent. faecium, Ent. casseliflavus (Dutka-Malen

et al. 1995), Ent. gallinarum (Miele et al. 1995), Ent. hirae

and Ent. durans (Arias et al. 2006). For E. coli isolation,

samples were seeded in Levine agar plates. One colony

per sample with typical E. coli morphology was selected

and identified by classical biochemical methods (Gram

staining, catalase, oxidase, indol, Methyl-Red-Voges-Pros-

kauer, citrate and urease) and by the API 20E system

(BioM�erieux, La Balme Les Grottes, France).

Antimicrobial susceptibility was performed by the disc

diffusion method according to the criteria of CLSI (CLSI

2011). Susceptibility to 11 antimicrobial agents (Oxoid

Limited, Basingstoke, UK) [vancomycin (30 lg); teicopla-
nin (30 lg); ampicillin (10 lg); chloramphenicol (30 lg);
tetracycline (30 lg); erythromycin (15 lg); quinupristin–
dalfopristin (QD) (15 lg); ciprofloxacin (5 lg); strepto-
mycin (300 lg); gentamicin (120 lg); and kanamycin

(120 lg)] was tested for enterococci. High-level resistance

(HLR) was evaluated for aminoglycosides. Enterococcus

faecalis ATCC 29212 and Staphylococcus aureus ATCC

25923 strains were used as quality control strains. Evalua-

tion of gelatinase and haemolysin production in entero-

cocci was performed as previously reported (L�opez et al.

2009).

Additionally, susceptibility of the E. coli isolates was

determined for 16 antimicrobial agents (Oxoid) [ampicil-

lin (10 lg), amoxicillin plus clavulanic acid (30 lg),
cefoxitin (30 lg), cefotaxime (30 lg), ceftazidime

(30 lg), aztreonam (30 lg), imipenem (10 lg), gentami-

cin (10 lg), amikacin (30 lg), tobramycin (10 lg), strep-
tomycin (10 lg), nalidixic acid (30 lg), ciprofloxacin

(5 lg), sulfamethoxazole–trimethoprim (SXT) (25 lg),
tetracycline (30 lg) and chloramphenicol (30 lg)] by the

disc diffusion method (CLSI 2011). E. coli ATCC 25922

was used as a quality control strain. Also, ESBL pheno-

typic detection was carried out by double-disc diffusion

test (CLSI 2011).

Deoxyribonucleic acid of the enterococci isolates was

extracted using the InstaGene Matrix DNA extraction kit

(Bio-Rad, Hercules, CA, USA) and following the manu-

facturer’s instructions. For the E. coli isolates, DNA was

extracted by the boiling method (Solberg et al. 2006). The

DNA purity and concentration were determined using

the NanoDrop ND-1000 spectrophotometer (Thermo

Scientific, Wilmington, DE, USA). The presence of the

following resistance genes was analysed by PCR among

the antimicrobial-resistant enterococci: erm(A), erm(B),

tet(M), tet(L), tet(K), aph(3′)-IIIa, ant(6)-Ia, aac(6′)-Ie-
aph(2″)-Ia, catA, vatD, vatE, as well as of Tn916- and

Tn5397-specific sequences (De Leener et al. 2004; Poeta

et al. 2005). The presence of different virulence genes

(gelE, agg, ace, cpd, fsr, esp, hyl and cylLLLSABM) was also

studied by PCR in enterococcal isolates (Eaton and

Gasson 2001; Pillai et al. 2002; Creti et al. 2004; Klare

et al. 2005). In the resistant E. coli isolates, the following

antimicrobial resistance genes were studied by PCR: tet

(A), tet(B), aadA, strA-strB, aac(3)-II, aac(3)-IV, sul1,

sul2, sul3, cmlA and floR. Additionally, the presence of the

intl1 and intI2 genes, encoding class 1 and 2 integrases,

respectively, and their variable region were analysed by

PCR and sequencing (S�aenz et al. 2004). Lastly, the phy-

logenetic groups and virulence determinants frequently

identified in pathogenic E. coli isolates (stx1-stx2, fimA,

papG allele III, cnf1, papC and aer) were studied (Cler-

mont et al. 2000; Ruiz et al. 2002). Positive and negative

controls from the collection of strains of the University of

Tr�as-os-Montes and Alto Douro (Portugal) were included

in all PCR assays.
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