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Abstract

The objective was to study the prevalence of actiohial resistance and the
mechanisms implicated in faecal enterococci of vitdhrs in Portugal. One-hundred
and thirty-four enterococci (6. faecium, 54 E. hirae, 2 E. faecalis, 2 E. durans and 9
Enterococcus spp) were recovered from 67 wild boars (two isolat@sigle), and were
further analysed.High percentages of resistance were detected rfgthremycin,
tetracycline, and ciprofloxacin (48.5%, 44.8% and9%, respectively), and lower
values were observed for high-level-kanamycin,egtymycin,chloramphenicoland
ampicillin resistance (9%, 6.7%4,.5%, and 3.7%, respectivelyNo isolatesshowed
vancomycin or high-level-gentamicin resistance. &mw(B), tet(M), aph(3)-1lla, and
ant(6)-1 genes were demonstrated in all erythromycinatsicline, kanamycin, and
streptomycin resistant isolates, respectivebpecific genes of T916/Tn1545 and
Tn5397 transposons were detected in 78% and 478ard&t(M)-positive enterococci,
respectivelyThetet(S) andtet(K) genes were detected in one isolaté&ofaecium and
E. hirae, respectively. ThreeE. faecium isolates showed quinupristin-dalfopristin
resistance and theat(E) gene was found in all of them showing #ren(B)-vat(E)
linkage. FoulE. faecium isolates showed ampicillin-resistance and alheft presented
seven amino acid substitutions in PBP5 protein @46K, 470H—Q, 485-A,
496N—K, 499A—T, 525E-D and 629E-V), in relation with the reference one; a
serine insertion at 466 position was found in thoéehe isolatesFaecal enterococci
from wild boars harbour a variety of antimicrobiakistance mechanisms and could be
a reservoir of antimicrobial resistance genes asdtant bacteria that could eventually

be transmitted to other animals or even to humans.
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1. Introduction

Enterococci are saprophytic bacteria of the gastestinal tract of humans and
most animals, but they have also emerged as impodauses of nosocomial and
community acquired infections. They are intrindicaksistant to many antimicrobial
agents, but its ability to acquire resistancetteer agentss well known (Murray, 1998).

The problem of antimicrobial resistance in enteootds not only restricted to
the clinical setting but also to other environmegush as the intestinal tract of healthy
humansand also of food-producing animals and pets (Deerigt al., 1996; Aarestrup et
al., 2000; Torres, et al., 2003; Guardabassi et2804; Da Costa et al., 2007); these
resistant enterococci might act as reservoir ofh@otobial resistance genes that could
be transmitted to other pathogenic bacteria, andtlis reason might represent a
problem in public healthStudies of antimicrobial resistance of intesti@alerococci in
wild animals are scarce and generally restrictetthéoanalysis of vancomycin-resistant
enterococci (Laukova, 1999; Mallon et al., 2002etaoet al., 2005b). In a study
performed in the past by our group, it was shovat #tquired antimicrobial resistance
is also detected in the intestinal enterococcakaobiota of wild animals (Poeta et al.,
2005a); only one wild boar was included in the mefé study, although this type of
animals are important because they could entespmne occasions, into the food chain.
The objective of the present study was to analyee drevalence of antimicrobial
resistance and the mechanisms implicated in faeo&drococci of wild boars in
Portugal.
2. Material and Methods
2.1 Samples and bacteria

Enterococcal isolates were recovered from 67 fasaalples obtained of wild

boars (two isolates per animal). Samples were el from December 2005 to
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February 2006 in North of Portugal during huntsadil boars organized by different
corporations of hunters. The animals lived in fadand, to our knowledge, they had
not received any feed or antimicrobials from humdunsng their lifetime.

Faecal samples were dilutethd transferred int@nrichment medium Azide
Dextrose Broth, incubated 24h at 37°C, and themagpronto Slanetz-Bartley agar
plates, being incubated 48h at 37°C. Colonies wWijfical enterococcal morphology
were identified to the genus and species levelglam staining,catalase test, bile-
aesculin reaction and by biochemical tests using &Pl 1D20 Strep system
(BioMérieux, La Balme Les Grottes, France). Spedalestification was confirmed by
PCR using primers and conditions for the differenterococcal species (Dutka-Malen

et al., 1995; Torres et al., 2003; Arias et alQ&0
2.2 Antimicrobial susceptibility testing

Susceptibility for 11 antimicrobial agents (vancammy teicoplanin, ampicillin,
streptomycin, gentamicin, kanamycin, chloramphdnidetracycline, erythromycin,
quinupristin-dalfopristin, and ciprofloxacin) wassted by the disk diffusion CLSI
method (Clinical Laboratory Standards InstituteQ20The agar dilution CLSI method
was also used for ampicillisusceptibility testing. High-level resistance wassidered
for aminoglycosidesk. faecalis strain ATCC 29212 an8taphylococcus aureus strain

ATCC 25923 were used for quality control.
2.3 Antimicrobial resistance genes

Macrolide rm(A), erm(B), erm(C)], streptogramine vat(D), and vat(E)],
tetracycline fet(M), tet(K), tet(L), tet(S), tet(O)], aminoglycosidedph(3°)-llla, aac(6')-
aph(2"), ant(6)-la)], vancomycin VanA, vanB, vanC-1, vanC-2/3], and

chloramphenicoldatA] resistance genes were tested by PCR in all ectecal isolates
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which showed resistance for these antimicrobialsings primers and conditions
previously reported (Aarestrup et al., 2000; Denegeet al., 2004; Soltani et al., 2000;
Sutcliffe et al., 1996; Torres et al., 2003). Tdedmine whether therm(B) gene was
linked with thevat(E) gene, a primer-pair [linkagem(B)-vat(E)] was used (De Leener
et al., 2005)Specific PCR assays for detectiontdriX andint genes were also used in
tet(M)-positive isolates, to demonstrate the preseme the Trb397-like and
Tn916/Tn1545-like transposons, respectively (Agerso et al.,&0De Leener et al.,
2004). Positive and negative controls were usedlliiPCRs, belonging to the strain
collection of the University of La Rioja (Spain)NBA sequencing was used to verify the

identity of the gene products of at least one ramigigelected isolate for each gene.
2.4 Analysis of beta-lactamase activity

The production of beta-lactamase was tested in @hipiresistantE. faecium

isolates using nitrocefin discs (Cefinase, BectackiDson, Cokeyesville, MD, USA).
2.5 PCR amplification of pbp5 gene and DNA sequence analysis.

The total DNA ofE. faecium isolates was obtained by the InstaGene Matrix
(Bio-Rad; CA, USA). The C-terminal region pbp5 gene was amplified by PCR in alll
ampicillin-resistant  E. faecium isolates, using PBP5F-1 (5-
AACAAAATGACAAACGGG-3) and PBP5R (5-TATCCTTGGTTATAGGG-3)
primers(Jureen et al., 2003). The purified PCR producia@Qick Gel Extraction Kkit,
Qiagen Inc.) were sequenced on both strands (AppBgosystem 3730 DNA
sequencer) using PBP5F-2 (5-GACAAACGGGATCTCACAAG-3and PBP5R
primers. Duplicated sequences were obtained fral@pgandent PCR reactions and were

compared with that gibp5 gene included in GenBank with the accession 184.380.
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3. Reaults

A total of 134 enterococcal isolates were recovédrech the 67 faecal samples
of wild boars analysed in this study. Table 1 shdkes distribution of enterococcal
species found and the percentage of antimicrobsibtance detecte#. faecium was
the most prevalent detected species (50%), followgdE. hirae (40.3%). It is
interesting to underline the relatively low prevale of E. faecalis and E. durans
specieg1.5%, each one).

High percentages of resistance were detected ythremycin, tetracycline, and
ciprofloxacin (48.5%, 44.8% and 17.9%, respectivelsnong our enterococcheing
lower the values detected for kanamycin (9%), sbtragcin (6.7%),chloramphenicol
(4.5%),and ampicillin (3%)No gentamicin- or vancomycin-resistant enterocoasie
detected in this studyTable 1). In general, higher percentages of dotobial
resistance were detected n faecium than in the other enterococcal species tested.
Three of our Efaecium isolates showed quinupristin-dalfopristin resis&ar{4.5%),
and, as expected, the tvib faecalis isolates presented also quinupristin-dalfopristin
resistance (intrinsic resistance).

Table 2 shows the presence of antimicrobial rasigtayenes in enterococci of
the different species in relation with its specifibenotype of resistance. All 65
erythromycin-resistant enterococci harboured #¥en(B) gene. Three of these
erythromycin-resistant enterococci (all of themtlod E. faecium species) also showed
quinupristin-dalfopristin resistance and harboutee vat(E) gene, linked taerm(B)
gene.

Sixty enterococci showed tetracycline-resistance thie following genes were

detected:tet(M) (8 isolates);tet(M)+ tet(L) (50 isolatey tet(M)+ tet(L)+ tet(S) (1
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isolate) andet(M)+ tet(L)+ tet(K) (1 isolate). Thent gene of transposon Bh6/Tn1545
was identified in 47 of the tetracycline-resistatates, and th&nX gene of T»397
in 27 E. faecium and oneE. hirae isolates. Fifteerk. faecium isolates harboured both
thetdnX gene ofTn5397 and thant gene ofTn916/1545 (Table 2).

All high-level kanamycin and streptomycin resistanterococci and most of the
chloramphenicol-resistant isolates harbouredapi®3")-Illa, ant(6)-I and catA gene,
respectively (Table 2). Fout. faecium isolates showed ampicillin resistance (MIC
range 128-256 pug/ml) and none of them producedpttestamase enzyme. Table 3
shows the alleles of the C-terminal regiorplp5 gene of these resistant isolatesven
amino acid substitutions (461K, 470H-Q, 485-A, 496N—-K, 499A-T,
525E-D and 629E-V) were identified in PBP5 of all ampicillin-ressstt isolates, and
an additional one (586%L) was identified inE. faecium PG JN5.The three isolates

with the highesampicillin MIC (256 pg/ml) showed a serine insertion at position 466".

4. Discussion

The detection oE. faecium andE. hirae as the predominant enterococal species
in the faeces of wild boars in this study showsrsirsimilarities with data previously
reported for faecal enterococci of pigs (Kuhn et2003).Neverthelessk. faecium and
E. faecalis have been referred as the predominant specid®ifaecal content in other
animals (Aarestrup et al., 2002; Butaye et al.,1220Kuhn et al.,, 2003; De Leener,
2005). Wild boars and pigs are close related anspakies and this situation could
explain the similarities observed in the distribatiof enterococcal species in their
intestinal microbiota.

In general, and with few exceptions, faecium was the enterococcal species

that showed higher percentages of antimicrobiaist@sce, mainly associated with
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erythromycin, tetracycline, and ciprofloxacin, atad a lower level with kanamycin,
streptomycin, ampicillin, and quinupristin-dalfogtin. It is interesting to underline that
most of ourkE. faecalis, E. durans andEnterococcus spp isolates presented a susceptible
phenotype for the testeahtimicrobial agentslsolates of theE. hirae species showed
percentages of antimicrobial resistance lower tBafaecium but higher than the other
species.

None of our enterococci showed glycopeptide resteta NeverthelessianA
enterococci were recovered from faecal samples itf laoars in a previoustudy
carried out by our group using vancomycin-suppleeeragar plates (#g/ml) for
enterococci isolation (Poeta et al., 2007a). Th tould indicate that vancomycin-
resistant enterococci might be present within #exél enterococcal population of wild
animals but in a low proportion respect to the wangcin-susceptible ones, and could
not be detected when non-supplemented-plates adefasbacterial isolation.

Three ampicillin-resistankE. faecium isolates presented a serine insertion at
position 466’ in PBP5 sequence in addition to otingportant amino acid changes at
positions 485, 496, 499, 525 and 629, and the otidle sequence was similar pbp5
allele F already reported in a previous work inhkligvel ampicillin resistank. faecium
isolatesof poultry (Poeta et al., 2007b). Insertions of aspartic aciderine at this 466’
position had also been previously detected inrsdi@i human originwith an increased
level of ampicillin resistance (Rybkine et al., 899ureen et al., 2003). The serine
insertion seems to be an essential determinaneta-lactam resistance, affecting the
antibiotic recognition (Rybkine et al., 1998; Jurext al., 2003). The amino acid change
586V—L, detected in one of our ampicillin-resistalt faecium isolates, could be

associated with the increased ampicillin MIC instltrain (128.g/ml). Some authors
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(Ligozzi et al., 1996) suggested that the regiomfipositions 558 to 586 might play an
important role in th@-lactam binding site of PBP5.

Thetet(M) gene is frequently implicated in tetracycliresistance in enterococci
(Aarestrup et al., 2000; Del Campo et al., 2003n1Kat al., 2003), and in our study was
found in all our tetracycline-resistant isolate(M) gene has been previously found
associated with conjugative transposons relatédedn916/Tn1545 family (De Leener
et al., 2004; Agerso et al., 2006ecently, another conjugative transposorb387,
originally found inClostridium difficile, was found irk. faecium isolates from broilers
(Agerso et al., 2006)n this study 78.% and 47% of otat(M)-positive enterococci
carried specific genes of Th916/Tn1545 and Tn58@7sposons, respectively, although

the association d&t(M)gene with these transposons was not analysed.

In conclusion, enterococci of the intestinal tratiwild boars can constitute a
reservoir of antimicrobial resistant genes and mitaly these genes or the resistant
bacteria could be transmitted to other animalsvendo humans. The genes detected in
enterococci of wild animals are similar to thosearfd in enterococci of human origin
indicating the possible circulation of bacteria ardistance genes between the animal
and human ecosystenurveillance studies should be continued in theréuto follow
up the prevalence of antimicrobial resistance pr@ahytic bacteria of different origins
in order to detect the emergence and disseminabfbbmew or already-known

antimicrobial resistance genes in different ecasyst
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Table 1. Antimicrobial resistance in 134 enterococci ofeliént species isolated from faecal samples of dlars Qus scrofa).

Number (percentage) of enterococci of differentcigse showing resistance to different antimicrobial

agents:

Antimicrobial agent E. faecium E. hirae E. faecalis E. duransand Total

(N=67) (N=54) (N=2) Enterococcus spp. (N=134)

(N=11)

Ampicillin 4 (6) 0 0 0 4 (3)
Gentamicin 0 0 0 0 0
Streptomycin 7 (10.4) 2(3.7) 0 0 9 (6.7)
Kanamycin 9 (13.4) 3 (5.6) 0 0 12 (9)
Tetracycline 41 (61.2) 17 (31.5) 2 (100) 0 60 (44.8)
Erythromycin 46 (68.7) 17 (31.5) 2 (100) 0 65 (48.5)
Chloramphenicol 4 (6) 2(3.7) 0 0 6 (4.5)
Ciprofloxacin 20 (29.9) 4 (7.4) 0 0 24 (17.9)
Quinupristin-Dalfopristin 3(4.5) 0 2 (100) 0 5(3.7)
Vancomycin 0 0 0 0 0
Teicoplanin 0 0 0 0 0

14
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Table 2. Antimicrobial resistance genes and presence aétgemobile elements irfenterococcus spp. isolates recovered from wild bog8ss(scrofa)

Detection of resistance genes and mobile elementiferent enterococcal species with specificstasit phenotyp8s

Resistance to E. faecium E. hirae E. faecalis
. the bial Genes and genetic elements Genes and genetic elements Genes and genetic elements
antlmlcrtog ial No. of detected No. of detected No. of detected
agen resistant resistant resistant
isolates Genes and genetic No. of isolates  Genes and genetic  No. of isolates  Genes and genetic No. of
elements isolates elements isolates elements isolates
ERY 46 erm(B) 46 17 erm(B) 17 2 erm(B) 2
ERY-QD 3 \';;?E‘%geerm(B)' 3 0 0
tet(M)+ tet(M) + tet(M) + tet(L) +
TET 41 Tn916/Tn1545 1 17 Tn916/Tn1545 ! 2 Tn916/Tn1545 2
tet(M) + tet(L) + 13 tet(M) + tet(L) + 8
Tn916/Tn1545 Tn916/Tn1545
tet(M) + tet(L) + 12 tet(M) + tet(L) + 1
Tn5397 Tn5397
e, e
5397 + Tn916/Tn1545
tet(M) + tet(L) +
tet(S) + 1
Tn916/Tn1545 +
Tn5397
CHL 4 cat(A) 3 2 cat(A) 2 0
No genes detected 1
KAN 9 aph(3)-llla 9 3 aph(3’)-llla 3 0
STR 7 ant(6)- 7 2 ant(6)-I 2 0

®ERY, erythromycin; QD, quinupristin-dalfopristiET, tetracycline; CHL, chloramphenicol; KAN, kangein; STR, streptomycin.

PE. durans (n=2) andEnterococcus spp. (n=9) did not show antibiotic resistance.
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Table 3. Polymorphism in the C-terminal regionpdp5 gene of the 4 ampicillin-resistaBt faecium isolates recovered from wild boafug scrofa)

E. faecium
isolate

Amino acid at position8:

586 3 59607

X84860

PG J3

PG J4

PG J38

PG IN5

Ampicillin
MIC
(Hg/ml)
634
N P
N 256
N 256
N 256
N 128

%n bold letters are indicated the amino acids #natchanged with respect to the reference(GemBank accession no. X84860).
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