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Antimicrobial resistance profiles of enterococci isolated from poultry
meat and pasteurized milk in Rio de Janeiro, Brazil
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The enterococci are important nosocomial pathogens with a remarkable capacity of expressing resistance to
several antimicrobial agents. Their ubiquitous nature and resistance to adverse environmental conditions take
account for their ability to colonize different habitats and for their potential for easy spreading through the
food chain. In the present study we evaluated the distribution of species and antimicrobial susceptibility among
enterococcal isolates recovered from food obtained in retail stores in Rio de Janeiro, Brazil. The following
species were identified among 167 isolates obtained from poultry meat and 127 from pasteurized milk: Entero-
coccus faecalis (62.6%), E. casseliflavus (17.3%), E. durans (6.5%), E. gallinarum (3.0%), E. gilvus (2.4%), E.
faecium (2.0%), E. hirae (1.4%), and E. sulfureus (1.0%). The overall percentages of antimicrobial resistant
isolates were: 31.2 % to tetracycline, 23.8% to erythromycin, 11.3% to streptomycin, 4.3% to chloramphenicol,
3.9% to gentamicin, 1.4% to norfloxacin, 1.1% to imipenem, 0.7% to ciprofloxacin, nitrofurantoin, and penicil-
lin, and 0.4% to ampicillin. Intermediate resistance was detected in frequencies varying from 0.5% for linezolid
to 58.2% for erythromycin. None of the isolates showed resistance to glycopeptides. High-level resistance to
aminoglycosides was observed in 13.1% of the isolates. Multiresistance was observed in E. faecalis, E.
casseliflavus, E. faecium, E. gallinarum, E. durans and E. gilvus.
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The presence of antimicrobial resistant bacteria in
foodstuffs of animal origin is becoming a matter of im-
portant concern as they may be transmitted to humans
through the food supply. Therefore, protection of food
supplies includes the microbiological quality and safety
of commodities available for public consumption. While
such concerns most frequently address pathogenic mi-
croorganisms, that present immediate risks to human
health, there is a growing interest in commensal com-
ponents of the microbiota associated with food (Giraffa
et al. 1997, Giraffa 2002, Hayes et al. 2003, Mannu et
al. 2003). Commensal bacteria contaminate food, water
and the environment, and their dissemination can also
be related to spreading of antimicrobial resistance de-
terminants to pathogenic or to other commensal micro-
organisms, which may then infect or colonize human
beings and animals (van den Bogaard & Stobbering 2000).
In this context, members of genus Enterococcus are a
matter of major attention, as they are ubiquitous bacte-
ria widely distributed in a variety of habitats. They com-
prise a high proportion of saprophyte bacteria associ-
ated with the gastrointestinal tract of human beings and
animals, and are usually found in large numbers in soil,
water, food of vegetal origin, and especially of animal

origin, such as beef, poultry and swine carcass (Franz et
al. 1999, Giraffa 2002, Domig et al. 2003). Because of
their abundance in faeces and also due to their ability of
long last survival out of the enteric environment, the pres-
ence of enterococci is considered a indicator of fecal
contamination and they are not considered �generally
recognized as safe� (GRAS) (Domig et al. 2003, Mannu
et al. 2003).

Although they are not considered as primary patho-
gens, enterococci rank among leading causes of noso-
comial infections. In fact, some species of Enterococ-
cus have currently a particular medical relevance, con-
sidering their  role as cause of infections in predisposed
humans and their remarkable capacity of acquiring re-
sistance to several antimicrobials, leading to increas-
ingly limited therapeutic options (Franz et al. 1999,
Teixeira & Facklam 2003). In addition to the intrinsic
resistance to several antimicrobials, the enterococci are
characterized by their unique ability of exchanging ge-
netic material (Leclercq 1997, Murray 1998), and to
acquire resistance to many antimicrobial agents, includ-
ing aminoglycosides, chloramphenicol, B-lactams,
macrolides, quinolones, tetracycline, and, more recently,
to the glycopeptides, represented by vancomycin and
teicoplanin (Eaton & Gasson 2001, Teixeira & Facklam
2003, Huys et al. 2004). The occurrence of antimicro-
bial resistance among enterococci is not only restricted
to the nosocomial setting, and therefore resistant strains
carried on sources such as food may also act as poten-
tial reservoirs of antimicrobial resistance genes.

Monitoring the prevalence and antimicrobial resis-
tance profiles of a bacterium with such a representative-
ness as the enterococci in different sources related to
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human and animals may contribute with insights on the
possible exchange of strains and their antimicrobial re-
sistance genes occurring among bacteria colonizing both
animals and humans. Information on the prevalence of
antimicrobial resistant enterococci in different food
sources is, however, still limited in many regions. The
purpose of this study was to determine the occurrence
and distribution of the different species as well as the
antimicrobial resistance profiles among enterococcal
isolates recovered from foodstuffs of animal origin, rep-
resented by poultry and pasteurized milk, commercial-
ized in Rio de Janeiro, RJ, Brazil.

MATERIALS AND METHODS

Bacterial strains and methods of isolation and iden-
tification - A total of 294 enterococcal isolates recovered
from poultry meat (167; 56.8%) and from pasteurized milk
(127; 43.2%) samples, obtained in retail stores located in
Rio de Janeiro, Brazil, from October 2002 to October 2004
were examined. They were isolated from 50 food samples
(25 poultry samples and 25 pasteurized milk samples) ac-
cording to the methodology proposed by Andrews and June
(1998). Briefly, poultry samples (25g) were placed in
sterile plastic-bags containing 225 ml of buffered pep-
tone (Oxoid Limited, Hampshire, UK) water, and then
homogenized at 230 rpm for 2 min in a laboratory blender
(Stomacher, Seward Limited, London, UK). Pasteurized
milk samples (25 ml) were homogenized in 225 ml of
buffered peptone water distributed in sterile flask.
Aliquots of 1 ml of the homogenates were plated on
Enterococcosel agar (Becton Dickinson Microbiology
Systems, Sparks, MD, USA) plates. Up to ten typical
colonies suggestive of Enterococcus were randomly se-
lected from each primary isolation culture on
Enterococosel agar for further identification.

The isolates were identified on the basis of cellular
morphology following Gram stain, and results of bio-
chemical testing, including catalase production,
pyrrolidonylarylamidase activity, growth in 6.5% NaCl
broth, hydrolysis of esculin in the presence of bile, pig-
ment production, haemolytic activity, arginin hydrolysis,
tolerance to tellurite, utilization of pyruvate, motility and
acid production from the following carbohydrates: L-ara-
binose, mannitol, methyl-â-glucopyranoside (MGP), D-
raffinose, sucrose, and sorbitol (Facklam  & Collins 1989,
Teixeira & Facklam 2003).

Antimicrobial susceptibility testing - Susceptibility
to antimicrobials was evaluated for 282 isolates by the
disk diffusion method, according to the Clinical and
Laboratory Standard Institute (CLSI 2006a, b) guidelines.
The following 14 antimicrobial agents were tested: ampi-
cillin, chloramphenicol, ciprofloxacin, erythromycin,
gentamicin, imipenem, linezolid, nitrofurantoin,
norfloxacin, penicillin, streptomycin, teicoplanin, tet-
racycline, and vancomycin. Interpretation of suscepti-
bility tests with imipenem were performed as recom-
mended by Weinstein et al. (2004). Enterococcus faecalis
ATCC 29212 and Staphylococcus aureus ATCC 25923
were used as quality control strains.

RESULTS

Isolation and identification of enterococcal strains -
Two hundred and ninety four isolates characterized as
Enterococcus were studied. Enterococcal isolates were
recovered from all the poultry samples and from 18
(72%) of the pasteurized milk samples analyzed. Mul-
tiple isolates from a single sample where considered
when two or more different species were detected or
when isolates had differences in any of the phenotypic
characteristics investigated.

Table I shows the distribution of the different entero-
coccal species identified among the isolates obtained
from poultry and pasteurized milk samples. Overall, the
species identified were: E. faecalis (62.6%), Entero-
coccus casseliflavus (17.3%), Enterococcus durans
(6.5%), Enterococcus gallinarum (3.0%), Enterococ-
cus gilvus (2.4%), Enterococcus faecium (2.0%), En-
terococcus hirae (1.4%), and Enterococcus sulfureus
(1.0%). Eleven (3.8%) isolates were not identified to
the species level.

Antimicrobial susceptibility - The results of antimi-
crobial susceptibility testing obtained for 282 isolates
are shown in Table II. Resistance to antimicrobials was
found among the different Enterococcus species isolated
from both foodstuff sources. The overall percentages
of antimicrobial resistant isolates were: 31.2% to tetra-
cycline, 24.1% to erythromycin, 11.3% to streptomy-
cin, 4.3% to chloramphenicol, 3.9% to gentamicin, 1.4%
to norfloxacin, 1.1% to imipenem, 0.7% to ciprofloxacin,
nitrofurantoin, and penicillin, and 0.4% to ampicillin.
None of the isolates showed full resistance to vanco-
mycin, teicoplanin or linezolid. However, intermediate
resistance to linezolid was detected in one (0.5%) E.
faecalis isolate. Resistance to tetracycline was more
frequently observed among E. faecium (80.0%), E.
casseliflavus (39.2%), E. faecalis (32.6%), E. hirae
(25.0%) E. gallinarum (22.2%), and E. gilvus (14.3%)
isolates, while resistance to erythromycin was more fre-

TABLE I
Distribution of species among Enterococcus isolated from
poultry meat and pasteurized milk in Rio de Janeiro, Brazil

                         Number (%) of isolates

Poultry Pasteurized Total
Species meat milk

E. faecalis   85 (50.9)   99 (77.9) 184 (62.6)
E. casseliflavus   44 (26.3)     7 ( 5.5)   51 (17.3)
E. durans     3 (1.8)   16 (12.6)   19 (6.5)
E. gallinarum     7 ( 4.2)     2 ( 1.6)     9 (3.0)
E. gilvus     7 (4.2)     -     7 (2.4)
E. faecium     5 (3.0)     1 (0.8)     6 (2.0)
E. hirae     4 (2.4)     -     4 (1.4)
E. sulfureus     3 (1.8)     -     3 (1.0)
Non-identified species     9 (5.4)    2 (1.6)    11 (3.8)

Total 167 (100) 127 (100)  294 (100)



855855855855855Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 102(7), November 2007

TA
B

LE
 II

A
nt

im
ic

ro
bi

al
 su

sc
ep

tib
ili

ty
 o

f E
nt

er
oc

oc
cu

s s
pe

ci
es

 is
ol

at
ed

 fr
om

 p
ou

ltr
y 

an
d 

pa
ste

ur
iz

ed
 m

ilk
 in

 R
io

 d
e J

an
ei

ro
, B

ra
zi

l

A
nt

im
ic

ro
bi

al
 A

ge
nt

 - n
um

be
r (

%
)

Sp
ec

ie
s

Re
sis

ta
nc

e
(N

o.
 o

f i
so

la
te

s)
Pr

of
ile

AM
CI

CO
ER

GE
IP

LZ
N

I
NO

PE
ST

TC
TT

VA

E.
 fa

ec
al

is
S

18
4 

(1
00

)
15

4 
(8

3.
7)

16
9 

(9
1.

8)
  1

3 
(7

.1
)

18
3 

(9
9.

5)
18

3 
(9

9.
5)

18
3 

(9
9.

5)
18

2 
(9

8.
9)

17
7 

(9
6.

2)
18

4 
(1

00
)

15
9 

(8
6.

4)
18

4 
(1

00
)

11
1 (

60
.3

)
18

4 
(1

00
)

(1
84

)
I

   
 -

  3
0 

(1
6.

2)
   

 3
 (1

.6
)

 1
16

 (6
3)

   
 -

   
 1

 (0
.5

)
   

 1
 (0

.5
)

   
 1

 (0
.5

)
   

 6
 (3

.3
)

   
 -

   
 -

-
 1

3 
(7

.1
)

   
-

E.
 ca

ss
el

ifl
av

us
S

  5
1 

(1
00

)
  4

9 
(9

6)
  5

1 
(1

00
)

  1
8 

(3
5.

3)
 4

6 
(9

0.
2)

  5
1 

(1
00

)
  5

1 
(1

00
)

  5
1 

(1
00

)
  4

6 
(9

0.
2)

  5
1 

(1
00

)
 5

0 
(9

8)
  5

1 
(1

00
)

  3
1 

(6
0.

8)
  5

1 
(1

00
)

(5
1)

I
   

 -
   

 1
 (2

)
   

 -
  2

8 
(5

4.
9)

   
 -

   
 -

   
 -

   
 -

   
 2

 (4
)

   
 -

   
 -

   
 -

   
 -

   
-

E.
 du

ra
ns

S
  1

9 
(1

00
)

  1
3 

(6
8.

4)
  1

9 
(1

00
)

   
 4

 (2
1)

18
 (9

4.
7)

  1
7 

(8
9.

5)
  1

9 
(1

00
)

  1
7 

(8
9.

5)
  1

9 
(1

00
)

  1
9 

(1
00

)
 1

8 
(9

4.
7)

  1
9 

(1
00

)
 1

7 
(8

9.
5)

 1
9 

(1
00

)
(1

9)
I

   
 -

   
 5

 (2
6.

3)
   

 -
  1

2 
(6

3.
2)

   
 -

   
 1

 (5
.3

)
   

 -
   

 1
 (5

.3
)

   
 -

   
 -

   
 -

   
 -

   
1 

(5
.3

)
   

-

E.
 ga

lli
na

ru
m

S
   

 9
 (1

00
)

   
 9

 (1
00

)
   

 9
 (1

00
)

   
 6

 (6
6.

7)
   

5 
(5

5.
6)

   
 9

 (1
00

)
   

 9
 (1

00
)

   
 8

 (8
8.

9)
   

 8
 (8

8.
9)

   
9 

(1
00

)
   

5 
(5

5.
6)

   
 9

 (1
00

)
   

3 
(3

3.
3)

   
9 

(1
00

)
(9

)
I

   
 -

   
 -

   
 -

   
 2

 (2
2.

2)
   

 -
   

 -
   

 -
   

 1
 (1

1.
1)

   
 1

 (1
1.

1)
   

 -
   

-
   

 -
   

4 
(4

4.
5)

   
 -

E.
 g

ilv
us

S
   

7 
(1

00
)

   
 6

 (8
5.

7)
   

 7
 (1

00
)

   
 4

 (5
7.

1)
   

7 
(1

00
)

   
 7

 (1
00

)
   

 7
 (1

00
)

   
 7

 (1
00

)
   

 7
 (1

00
)

   
7 

(1
00

)
   

7 
(1

00
)

   
 7

 (1
00

)
   

6 
(8

5.
7)

   
7 

(1
00

)
(7

)
I

   
 -

   
 1

 (1
4.

3)
   

 -
   

 2
 (2

8.
6)

   
-

   
 -

   
 -

   
 -

   
 -

   
 -

   
-

   
 -

   
-

   
 -

E.
 fa

ec
iu

m
S

   
4 

(8
0)

   
 3

 (6
0)

   
 4

 (8
0)

   
 1

 (2
0)

   
5 

(1
00

)
   

 3
 (6

0)
   

 5
 (1

00
)

   
 5

 (1
00

)
   

 5
 (1

00
)

   
3 

(6
0)

   
5 

(1
00

)
   

 5
 (1

00
)

   
1 

(2
0)

   
5 

(1
00

)
(5

)
I

   
 -

   
 2

 (4
0)

   
 1

 (2
0)

   
 1

 (2
0)

   
-

   
 -

   
 -

   
 -

   
 -

   
 -

   
-

   
 -

   
 -

   
 -

E.
hi

ra
e

S
   

4 
(1

00
)

   
 4

 (1
00

)
   

 4
 (1

00
)

   
 1

 (2
5)

   
4 

(1
00

)
   

 4
 (1

00
)

   
 4

 (1
00

)
   

 4
 (1

00
)

   
 4

 (1
00

)
   

4 
(1

00
)

   
3 

(7
5)

   
 4

 (1
00

)
   

2 
(5

0)
   

4 
(1

00
)

(4
)

I
   

 -
   

 -
   

 -
   

 3
 (7

5)
   

-
   

 -
   

 -
   

 -
   

 -
   

 -
   

 -
   

 -
   

1 
(2

5)
   

 -

E.
 su

lfu
re

us
S

   
3 

(1
00

)
   

 3
 (1

00
)

   
 3

 (1
00

)
   

 3
 (1

00
)

   
3 

(1
00

)
   

 3
 (1

00
)

   
 3

 (1
00

)
   

 3
 (1

00
)

   
 3

 (1
00

)
   

3 
(1

00
)

   
3 

(1
00

)
   

 3
 (1

00
)

   
3 

(1
00

)
   

3 
(1

00
)

(3
)

I
   

 -
   

 -
   

 -
   

 -
   

-
   

 -
   

 -
   

 -
   

 -
-

   
 -

   
 -

   
-

   
 -

To
ta

l: 2
82

S
28

1 
(9

9.
6)

 2
41

 (8
5.

5)
26

6 
(9

4.
3)

  5
0 

(1
7.

7)
27

1 
(9

6.
1)

27
7 

(9
8.

2)
28

1 
(9

9.
6)

27
7 

(9
8.

2)
26

9 
(9

5.
4)

28
0 

(9
9.

3)
25

0 
(8

8.
7)

28
2 

(1
00

)
17

8 
(6

3.
1)

28
2 

(1
00

)
I

   
 -

  3
9 

(1
3.

8)
   

 4
 (1

.4
)

16
4 

(5
8.

2)
   

 -
   

 2
 (0

.7
)

   
 1

 (0
.4

)
   

 3
 (1

.1
)

   
 9

 (3
.2

)
   

 -
   

 -
   

 -
  1

9 
(6

.7
)

   
 -

A
M

: a
m

pi
ci

lli
n;

 C
I: 

ci
pr

of
lo

xa
ci

n;
 C

O
: c

hl
or

am
ph

en
ic

ol
; E

R:
 er

yt
hr

om
yc

in
; G

E:
 g

en
ta

m
ic

in
; I

P:
 im

ip
en

em
; L

Z:
 li

ne
zo

lid
; N

I: 
ni

tro
fu

ra
nt

oi
n;

 N
O

: n
or

flo
xa

ci
n;

 P
E:

 p
en

ic
ill

in
; S

T:
 st

re
pt

om
yc

in
;

TC
: t

ei
co

pl
an

in
; T

T:
 te

tra
cy

cl
in

e;
 V

A
: v

an
co

m
yc

in
. R

es
ist

an
ce

 p
ro

fil
e -

 S
: s

us
ce

pt
ib

le
; I

: i
nt

er
m

ed
ia

te
.



856856856856856 Enterococcus  from poultry meat and milk � Suely Aparecida Pimenta Fracalanzza et al.

quent among E. faecium (60.0%), E. faecalis (30.2%),
E. durans (15.8%), E. gilvus (14.3%), E. gallinarum
(11.1%), and E. casseliflavus (9.8%). Resistance to
imipenem was observed among 40.0% of the E. faecium
isolates, and among 5.3% of those identified as E.
durans. A high percentage (58.2%) of isolates present-
ing intermediate resistance to erythromycin was ob-
served, distributed among the different species identi-
fied, except for E. sulfureus. Resistance to only one of
the antimicrobials tested was observed in 26 (9.2%) iso-
lates, including 20 recovered from meat poultry and 6
from pasteurized milk. Susceptibility to all antimicrobials
tested was observed in 46 (16.3%) isolates, including 31
obtained from meat poultry and 15 from pasteurized milk.

The occurrence of high-level resistance to amino-
glycosides (HLR-A) among the different species of en-
terococci identified according to their source is shown
in Table III. HLR-A (gentamicin and/or streptomycin) was
detected in 13.1% of the isolates (10.6% from poultry
and 2.5% from pasteurized milk samples). High-level
resistance to gentamicin (HLR-GE) was detected in 1.8%
of the isolates. The frequency of HLR-GE was higher among
isolates from poultry than among those recovered from
pasteurized milk samples. Isolates presenting HLR-GE
recovered from poultry were identified as E.
casseliflavus and E. faecalis. High-level resistance to
streptomycin (HLR-ST) was also more frequently de-
tected among poultry isolates, involving E. faecalis and
E. hirae. Isolates recovered from pasteurized milk
samples and showing HLR-ST were identified as E.
faecalis and E. hirae. Simultaneous high-level resistance
to both gentamicin and streptomycin (HLR-GE/ST) was
detected in 2.1% of the isolates, involving E. gallinarum
and E. casseliflavus recovered from poultry, and E.
durans isolated from pasteurized milk samples.

Among the 282 enterococcal isolates tested, 25.1%
(21.3% from poultry and 2.5% from pasteurized milk)
presented resistance to two or more of the antimicro-
bial agents tested. Sixty seven multiresistant isolates
were found. E. faecalis was the species most frequently
associated with multiresistance, corresponding to 61.2%

of the multiresistant isolates from poultry, followed by
E. casseliflavus (15.0%), E. gallinarum (6.0%), E
faecium and E. durans (3.0%), and E. gilvus (1.5%).
The species identified among multiple antimicrobial re-
sistant isolates recovered from pasteurized milk samples
were E. faecalis (9.0%) and E. durans (1.5%). A large
proportion (41.5%) of the multiresistant E. faecalis iso-
lates from poultry was simultaneously resistant to tetra-
cycline and erythromycin, followed by 26.8% resistant
to tetracycline, erythromycin and streptomycin. Among
poultry isolates, 40% of those identified as E.
casseliflavus were simultaneously resistant to tetracy-
cline and gentamicin, while 75% of the E. gallinarum
isolates were resistant to both streptomycin and gentami-
cin. Simultaneous resistance to streptomycin and to
erythromycin was detected in 50% of the E. faecalis iso-
lates from pasteurized milk (Table IV).

DISCUSSION

The enterococci have emerged as important oppor-
tunistic pathogens with a remarkable capacity of express-
ing resistance to several groups of antimicrobial agents,
limiting the number of therapeutic options. They are as-
sociated with a variety of human infections, acquired
mainly in the nosocomial setting, such as bacteremia,
endocarditis, urinary tract infections and wound infec-
tions (Murray 1990, Teixeira & Facklam 2003, Andrade
et al. 2006). On the other hand, species of the genus
Enterococcus comprise a large proportion of the nor-
mal microbiota associated with the gastrointestinal tract
of humans and animals (Giraffa 2002, Hayes et al. 2003).
They can be found on almost everything that surrounds
human beings, including foodstuff, mainly raw products of
animal origin (meat and milk), and from sources associ-
ated with low hygienic conditions, where their presence
is an indicator of fecal contamination (Mannu et al. 2003).
The ubiquitous nature of the enterococci and resistance to
adverse environmental conditions take account for their
ability to colonize different habitats, and for their potential
for easy spreading through the food chain. Therefore, the
presence of antimicrobial resistant enterococci in foods

TABLE III
Occurrence of high-level resistance to aminoglycosides (HLR-A) among Enterococcus isolates recovered from poultry meat and

pasteurized milk in Rio de Janeiro, Brazil

     Number (%) of isolates presenting HLR-A

Species (no.) Source HLR-GE HLR-ST HLR-GE/ST  Total

E. faecalis  (179) poultry 1 (6)   19 (10.6) - 20 (11.1)
milk -     6 (3.4) -   6 (3.4)

E. casseliflavus  (51) poultry 4 (7.8)     - 1 (2)   5 (9.8)
E. gallinarum  (9) poultry -     - 4 (44.5)   4 (44.5)
E. durans (19) milk -     - 1 (5.2)   1 (5.2)
E. hirae  (4) poultry -     1 (25.0) -   1 (25.0)
Other Enterococcus species (15) poultry / milk -     - -   -

Total (282) 5 (1.8)   26 (9.2) 6 (2.1) 37 (13.1)

HLR-GE: strains with high-level resistance to gentamicin only; HLR-ST: strains with high-level resistance to streptomycin only;
HLR-GE/ST: strains with high-level resistance to both gentamicin and streptomycin.
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has been a matter of growing concern. The present study
reports the distribution of species and the antimicrobial
resistance profiles among enterococcal isolates recov-
ered from poultry meat and pasteurized milk samples
obtained in retail stores in the city of Rio Janeiro, Bra-
zil, in the period of October 2002 to October 2004.

Although differences in percentages were noticeable,
E. faecalis was the predominant species recovered from
both poultry (50.9%) and pasteurized milk (77.9%)
samples, in accordance with previous studies (Franz et
al. 1999, Gelsomino et al. 2001, Giraffa 2003). The sec-
ond most frequent enterococcal species isolated from
poultry was E. casseliflavus (26.3%), followed by E.
gallinarum and E. gilvus (4.2% each), while E. durans
(12.6%) was the second most frequent species recov-
ered from milk, followed by E. casseliflavus (5.5%).
The prevalence of E. faecium in the present study was
low, even in poultry samples (3.0%), in contrast with
other reports indicating E. faecium as the most frequent
enterococcal species isolated from poultry (Hayes et
al. 2003). Pigment-producing enterococcal species (E.
casseliflavus, E. gilvus and E. sulfureus) accounted for
32.3% of the poultry isolates, and for 5.5% (E. casseli-
flavus only) of those recovered from milk. On the other
hand, species with naturally occurring intrinsic low level
resistance to vancomycin (E. casseliflavus and E.
gallinarum) represented 30.5% of the isolates from
poultry and 7.1% of the milk isolates.

The enterococci are intrinsically resistant to a large
range of antimicrobials of therapeutic use, and they are
also known by the ability to acquire and transfer resis-

tance markers by a process mediated by genes present
in plasmids and transposons that facilitate their dissemi-
nation (Murray 1990). Data on antibiotic resistance of
enterococci associated with foodstuffs indicate that
there is a strong epidemiological evidence of a link be-
tween the use of antibiotics in human medicine and ani-
mal husbandry and the emergence, spreading and persis-
tence of resistant strains in animal products (van den
Bogaard & Stobbering 2000). The major risk related to
the resistance traits is that they are for the most part
transferable to the enterococci and more virulent patho-
gens as well. In the present work enterococci showing
resistance to ampicillin, chloramphenicol, erythromy-
cin, gentamicin, imipenem, penicillin, nitrofurantoin,
norfloxacin, streptomycin, and tetracycline were isolated
from poultry meat as well as from milk. Resistance to
tetracycline, erythromycin, and chloramphenicol was
detected in percentages of 31.2%, 23.8%, and 4.3%, re-
spectively. When intermediate results are added, the per-
centages of isolates with decreased susceptibility to these
antimicrobials were 38.3%, 82.0%, and 5.7%, respec-
tively. These percentages of resistance are significant,
while lower or occasionally comparable to those previ-
ously reported for enterococci recovered from human
sources in Brazil (Mondino et al. 2003, d�Azevedo et al.
2004 ) and other locations (Lopes et al. 2003). The  ob-
servation of concomitant resistance to chlorampheni-
col, erythromycin, and tetracycline confirms the frequent
resistance to multiple antibiotics among enterococcal
isolates from humans sources in Brazil (Mondino et al.
2003, Vilela et al. 2006). Although a large proportion of

TABLE IV
 Distribution of antimicrobial multiresistance profiles among different species of Enterococcus isolated from poultry meat and

pasteurized milk in Rio de Janeiro, Brazil

                          Number (%)
Multiresistance             E. faecalis        E. casseliflavus    E. faecium    E. gallinarum        E. durans           E. gilvus
profile   Poultry   Milk Poultry Poultry Poultry Poultry Milk Poultry    Total

ST, ER   1 (2.4) 3 (50)   - - - - - -   4 (6.0)
ST, GE   - -   - - 3 (75) - - -   3 (4.5)
TT, ER 17 (41.5) -   3 (30) - - 1 (50) - 1 (100) 22 (33.0)
TT, GE   - -   4 (40) - - - - -   4 (6.0)
TT, NI   1 (2.4) -   - - - - - -   1 (1.5)
TT, NO   - -   2 (20) - - - - -   2 (3.0)
TT, ST   2 (4.9) -   - - - - - -   2 (3.0)
ST, ER, GE   - -   - - - - 1 (100) 1 (1.5)   -
ST, ER, CO   - 1 (16.7)   - - - - - -   1 (1.5)
TT, ER, GE   1 (2.4) -   - - - - - -   1 (1.5)
TT, ER, CO   4 (9.8) -   - - - - - -   4 (6.0)
TT, ER, IP   - -   - - - 1 (50) - -   1 (1.5)
TT, ER, NI   - -   - 1 (50) - - - -   1 (1.5)
TT, ER, ST 11 (26.8) 1 (16.7)   - - - - - - 12 (18)
TT, ST, GE   - -   1 (10) - 1 (25) - - -   2 (3.0)
TT, ST, CO   1 (2.4) -   - - - - - -   1 (1.5)
TT, ER, PE, IP   - -   - 1 (50) - - - -   1 (1.5)
TT, ER, ST, CO   3 (7.3) 1 (16.7)   - - - - - -   4 (6.0)

Total 41 6 10 2 4 2 1 1 67

CO: chloramphenicol; ER: erythromycin; GE: gentamicin; IP: imipenem; NI: nitrofurantoin; NO: norfloxacin; PE: penicillin; ST: streptomycin;
TT:  tetracycline.
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isolates was susceptible to gentamicin and streptomy-
cin, HLR-A was still detected in a significant percent-
age (12.8%) and comprising different species, includ-
ing E. faecalis, E. casseliflavus, E. gallinarum, E.
durans, and E. hirae. Interestingly, in the present study,
HLR-ST to streptomycin was most frequently detectd
among E. faecalis isolates, while HLR-GE to gentami-
cin was most frequently observed among E.
casseliflavus. The occurrence of an isolate presenting
intermediate results to linezolid is an important matter.
Decreased susceptibility to linezolid, an antimicrobial
agent that has been used in clinical practice for a rela-
tively short period of time, has been sporadically de-
tected in enterococci from human sources worldwide
(Bersos et al. 2004). To our knowledge, however, it has
not been found among isolates from other sources yet.
In vitro susceptibility tests for linezolid can be performed
by disk diffusion. However, non-susceptible isolates can
produce indistinct zones of inhibition when tested by this
method making interpretation of test results very diffi-
cult (Tenover et al. 2007). The isolate that was considered
as intermediate to linezolid in the in the present work gave
zones of inhibition varying from 20 to 23 mm in tests
performed in different days and using disks obtained
from different manufactures. Such variations around the
cutoff value may lead to differences in interpretation.
On the other hand presence of isolates with such impor-
tant antimicrobial resistance markers in foodstuff is a
cause of concern, considering the possibility of these
microorganisms spread through the food chain. There-
fore, we are planning to confirm such result by deter-
mining the minimum inibitory concentration for linezolid.

The results indicating absence of vancomycin-resis-
tant enterococci (VRE) among isolates from poultry are
consistent with previous observations in the United
States (Butaye et al. 2001). In contrast, VRE were fre-
quently isolated from raw meat products in European
countries, probably as a result of selection of resistant
populations, since the use of avoparcin, a glycopeptide
applied as a growth promoter in animal food, was allowed
in these countries earlier (Aaerestrup et al. 2000).

Multi-resistant enterococcal populations are com-
monly isolated from human beings, aquatic environments,
sewage waters and can be introduced into human intesti-
nal microflora by the consumption of food. The entero-
coccal resistance to multiple antibiotics with the pro-
pensity to acquire new traits continues to create thera-
peutic problems (Murray 1998). Their presence in food
may represent a more serious risk of expanding antibiotic
resistance through the food chain (Giraffa 2002). In this
work, multiresistance to antimicrobials was particularly
detected among E. faecalis, E. casseliflavus, and E.
faecium recovered from poultry, and among E.
gallinarum, E. faecalis and E. durans obtained from milk.

Our observations corroborate previous findings
demonstrating that different species of Enterococcus can
be frequently found in poultry as well as in pasteurized
milk (Giraffa et al. 1997). Considering the rather high
heat resistance of Enterococcus, it is probable that iso-
lates would be detected in pasteurized milk. However, a
lack of discipline during subsequent processing can lead

to the secondary contamination of this product (Teuber
et al. 1999). In addition, the presence of strains with
clinically significant antimicrobial resistance markers
indicate the need of effective control strategies to re-
duce contamination of foodstuff by these microorgan-
isms, as they may represent potential reservoirs of viru-
lence and resistance genes with access to human host
adapted bacterial cells that can be disseminated through
the food chain, and may represent significant cause of
Public Health problems. Therefore, monitoring programs
are essential to trace trends in the development and dis-
semination of resistance among isolates from different
sources, especially for those consumers who are at high-
est risk, i.e. the elderly and the immunocompromised.
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