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Molecular Epidemiology and Antimicrobial Susceptibility of Enterococci
Recovered from Brazilian Intensive Care Units
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We studied the antimicrobial resistance and the molecular epidemiology of 99 enterococcal
surveillance isolates from two hospitals of Brasilia, Brazil. Conventional biochemical tests were
used to identify the enterococcal species and the disk diffusion method was used to determine
their resistance profiles.Enterococcus faecali§76%) and E. faecium (9%) were the most
prevalent species. No enterococci showed the vanA or vanB vancomycin resistance phenotypes or
genotypes. Only the intrinsically resistant specieR. gallinarum (n=2) and E. casseliflavus
(n=3) harbored the vancomycin-resistance genes vanC1 and vanC2/3, respectively. We foand
faecalisisolates with high-level resistance to gentamicin (22%) and streptomycin (8%) and both
E. faecalisand E. faeciumisolates with resistance to more than two antimicrobials (84% and
67%, respectively). NineE. faecalisisolates (12%) were resistant to ampicillin; the minimal
inhibitory concentration (MIC) values were 18ug/mL (n=6) and 33ug/mL (n=3). Among these
ampicillin-resistant E. faecalis seven were also resistant to gentamicin, ciprofloxacin, rifampin,
penicillin, chloramphenicol, tetracycline and erythromycin. Pulsed-field gel electrophoresis
classified those isolates in three different genotypes, suggesting dissemination of genetically
related ampicillin-resistant E. faecalisstrains among different patients.
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Enterococci are opportunistic pathogens; they havagainst cephalosporins and semisynthetic penicillinase-
been recognized as an important cause of infectiveesistant penicillins) and acquired (e.g., against
endocarditis for almost a century. In addition, thes@minopenicillins and glycopeptides) resistance to
bacteria have also been recovered from urinary, wounentibiotics is a subject of considerable concern [2,3].
and bloodstream infections [1]. The intrinsic (e.g.,First reported in Europe in 1987, vancomycin-resistant
enterococci (VRES) have received increasing attention
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detection [3]. Since vancomycin-resistBnfaecium resistant. The ampicillin-resistant isolates were
andE. faecalishave already been isolated in othersubjected to broth microdilution susceptibility testing
regions of Brazil [6-13], we conducted a surveillanceo determine the minimal inhibitory concentration
study in Brasilia city to determine the prevalence ofampicillin, Sigma, St. Louis, Mo., USA), based on
vancomycin resistance, the general antimicrobiaNCCLS guidelines[16,17]. The density of the inoculum
resistance profiles and the molecular epidemiology oivas first adjusted by suspending colonies in 0.9% saline
ampicillin-resistanE. faecaligsolates. to the 0.5 McFarland turbidity standard. The bacterial
suspension was diluted 1:100 in cation-adjusted
Mueller-Hinton broth to obtain the desired final

Materials and Methods inoculum concentration of colony-forming units (5 x
10° CFU/mL) in each well of the microdilution trays.
Bacterial isolates Colony-forming units on inoculum suspensions were

determined for each batch of tests. The plates were
A total of 99 enterococci were isolated from rectalincubated at 35°C for 16 to 20 hours.
swabs from patients of intensive care units (ICU) of
two hospitals of Brasilia (University Hospital of Brasilia Quality control
and Santa Luzia Hospital), Brazil, during a two-year

period (2000-2001). Staphylococcus aureuBTCC 25923 ancE.
faecalisATCC 29212 were used as quality control
Identification of bacterial isolates reference strains according to NCCLS guidelines. We

performed quality control tests for the disks, disk

Enterococci were identified on the basis of thediffusion media and microdilution trays, using the
following criteria: Gram-positive staining, growth on bile- reference strains. In addition, the quality control strains
aesculin agar and in 6.5% NacCl broth, absence ofere tested along with the bacterial isolates in each
catalase and presence of pyrrolidonyl arylamidasantimicrobial susceptibility test batch [15-17].
(PYR Test Probac, Brazil). Species-level identification
was performed by standard biochemical tests: formatioRulsed-field gel electrophoresis (PFGE)
of acid in mannitol, sorbitol, sucrose, arabinose,
raffinose, pyruvate and sorbose broth, pigmentation, The bacterial genomic DNA was digested \Bitha
motility, growth on tellurite agar, and arginine hydrolysisl and the PFGE assay was performed according to

[14]. previous publications [18]. The samples were
electrophoresed on a BioRad CHEF mapper (block
Susceptibility testing 1: run-time 10 h, switch time: 0.5 - 15 s and block 2:

run-time 8 h, switch time: 15-30 s, 6 VV/cm, temperature

The isolates were subjected to disk diffusion14°C). Gels were stained with ethidium bromide and
antimicrobial susceptibility testing (Kirby-Bauer) photographed under UV irradiation. Isolates were
according to the National Committee for Clinical differentiated by visual inspection, and they were
Laboratory Standards (NCCLS) guidelines [15]. Theclassified according to generally accepted criteria [19].
antibiotics (Oxoid, Basingstoke, UK) tested were
ampicillin, vancomycin, teicoplanin, ciprofloxacin, Multiplex PCR
tetracycline, chloramphenicol, penicillin, erythromycin,
rifampin; high-level resistance to gentamicin and The multiplex PCR scheme that we developed
streptomycin was also assessed [16]. Isolates withllows the simultaneous identification of enterococcal
intermediate levels of susceptibility were classified aspecies and vancomycin-resistance genes. The
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multiplex PCR assays were performed on material frortheE. faecalisvere highly resistant to gentamicin and
colonies touched with a sterile tip after overnight growtrstreptomycin, respectively. A total of 37% of tae
on a blood agar plate. For each reaction, five to tefaecalisstrains were resistant to chloramphenicol, as
colonies were suspended inja50f a PCR mixture opposed to none of tiie faeciunstrains.
containing the six pairs of primers described below: 10 The number oE. faecalisandE. faeciumsolates
mM Tris-HCI (pH 8.3); 50 mM KCI, 3.0 mM MgGl  resistant to ciprofloxacin (79% and 56%, respectively),
0.25 mM of each deoxynucleotide triphosphate (dATRifampin (91% and 67%, respectively), tetracycline
dCTP, dGTP, dTTP); and 2 U dfag DNA  (71% and 78%, respectively), and erythromycin (92%
polymerase. The oligonucleotide primers used in thand 89%, respectively) were high. Also, high
PCR reaction, named according to the gene detectaatevalences of resistance to two or more antimicrobials
were:ddl . ..ddl_ . . vanCl,vanC2/3 (18.0 were foundinth&. faecaliandE. faeciumsolates
pmol of each primer), vanA (3.0 pmol of each primer)(84% and 67%, respectively). In addition, seven
[20], and vanB (1.5 pmol of each primer) [8]. Theampicillin-resistantE. faecalisisolateswere also
tubes were overlaid with two drops of mineral oil. PCRresistant to gentamicin, ciprofloxacin, rifampin,
amplification was carried out with the following program: penicillin, chloramphenicol, tetracycline and
initial denaturation step at 94°C for 5 min, 30 cycles oérythromycin.
amplification (denaturation at 94°C for 1 min, annealing Among the other enterococcal species, none
at 52°C for 1 min, extension at 72°C for 2 min), and &xhibited resistance to vancomycin, teicoplanin,
final extension at 72°C for 5min in a DNA thermocyclergentamicin, streptomycin or chloramphenicol.
PTC-100 (MJ Research, Inc, Waltham, MA, USA).Resistance to ampicillin (7%), ciprofloxacin (43%),
Fifteen-microliter samples of the PCR products weregifampin (29%), penicillin (21%), tetracycline (43%)
electrophoresed through a 1% agarose gel stained witimd erythromycin (29%) was found.
ethidium bromide for 1 hour at 60 V. The gel was To evaluate the ability of the multiplex PCR
photographed under UV light. reaction to amplify the DNA targets, control strains
E. faecium E. faecium(vanA), E. faecalis E.
faecalis(vanA),E. faecaligvanB),E. gallinarum
Results (vanC1l), anckE. casseliflavugvanC2) were first
tested. The expected PCR products were observed

Amongst the 99 isolates Bhterococcus spp75  for all the control strains (Figure 1). In a second step,
were identified by biochemical testsiasfaecalis multiplex PCR was performed on every isolate (Figure
(76%), 9 asE. faecium(9%), and 15% as other 1). The results obtained from PCR and from
species (fiveE. hirag four E. raffinosustwo E.  phenotypic assays showed a high rate of agreement
gallinarum, threek. casseliflavusand onée. aviun)  for all the species, as follows: faecaligf95%),E.
(Table 1). faecium(95%), E. gallinarum (100%) andE.

In vitro susceptibility patterns of the isolates werecasseliflavug100%). As none of the enterococcal
determined (Table 1). None of the enterococcal isolatesolates were resistant to the glycopeptide antibiotics,
were resistant to vancomycin or teicoplanin. Ampicillin-vancomycin and teicoplanin, PCR products for vanA
resistance was detectedtirfaecalig12%) and absent and vanB genes were not found. As expected, no PCR
in E. faeciumin total, 28% of th&. faecalisand 11% products were obtained f&r hirag E. raffinosus
of theE. faeciunwere resistant to penicillin. The high- andE. aviumbecause of the absence of specific
level aminoglycoside resistance phenotype (HLAR) angrimers for these species.
chloramphenicol resistance levels differed betvieen ~ The nine ampicillin-resistaii. faecalisdetected
faecalisandE. faeciunstrains. Although none of the by the disk diffusion method, showed minimal inhibitory
E. faeciumsolates expressed HLAR, 22% and 8% ofconcentrations (MIC) for ampicillin ranging from 16
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Table 1.Antimicrobial resistance profile amogmterococcuspp.

Species Antimicrobial agent N° of resistant %

(no. of isolates; %) enterococci isolates

E. faecalis Vancomycin 0.0

(75; 75,8) ‘Bicoplanin 0 0.0
Ampicillin 9 11.8
Gentamicif 17 22.4
Streptomycif 6 7.9
Ciprofloxacin 60 78.9
Rifampin 69 90.8
Penicillin 21 27.6
Chloramphenicol 28 36.8
Tetracycline 54 71.1
Erythromycin 70 92.1

E. faecium Vancomycin 0 0.0

(9;9,1) Teicoplanin 0 0.0
Ampicillin 0 0.0
Gentamicif 0 0.0
Streptomycif 0 0.0
Ciprofloxacin 5 55.6
Rifampin 6 66.7
Penicillin 1 11.1
Chloramphenicol 0 0.0
Tetracycline 7 77.8
Erythromycin 8 88.9

Enterococcus spp.  Vancomycin 0 0.0

(15; 15,1) ‘Bicoplanin 0 0.0
Ampicillin 1 7.1
Gentamicif 0 0.0
Streptomycif 0 0.0
Ciprofloxacin 6 42.9
Rifampin 4 28.6
Penicillin 3 21.4
Chloramphenicol 0 0.0
Tetracycline 6 42.9
Erythromycin 4 28.6

3dsolates with intermediate levels of susceptibility were classified as resistant.

®High-level resistance to gentamicin, streptomycin.

‘Includes fiveE. hirage fourE. raffinosusthreekE. casseliflavugwo E. gallinarum and onee.

avium
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Figure 1.Agarose gel electrophoresis of multiplex PCR from enterococci isolates. The PCR products of th
control strains are shown in gel A, lanesEhjerococcus faecal&STCC 29212 (941 bp); (. faecalis/an-

B ATCC 51299 (941bp e 300bp); (B) faecalisran-A A256 (941bp e 732bp); (E) faeciun(550bp); (5)

E. faeciumvan-A (550bp e 732bp); (€. casseliflavu$439bp); (7E. gallinarumATCC 12359822bp).

The PCR products of the isolates recovered from the individuals are shown in gel B, ladaemgdim
(550Dbp); (2E. faecali941 bp); (4E. casseliflavugd39bp); (5E. gallinarum(822 bp). Lane (3) molecular

size standard 100-bp DNA Ladder (Gibco/BRL Life Technology).

GEL A GEL B
- S ER D - -

254 =5

Figure 2. PFGE results ddmaltdigested chromosomal DNA from two ampicillin-susceptibierococcus
faecalis(lanes 6-7) and four ampicillin-resistanfaecaligsolates resistant to gentamicin, ciprofloxacin, ritampin,
penicillin, chloramphenicol, tetracycline and erythromycin, representatives of the genotypes A, B, and C (lanes
5). Lanes1 CHEF ladder standard (Biorad, Hercules, Calif., US29nd3 genotype Az genotype Bb
genotype C6 genotype D7, genotype E.

12 3 4567

pg/mL (n=6) up to 3pg/mL (n=3). Furthermore, seven Discussion

isolates with resistance to ampicillin were also resistant

to gentamicin, ciprofloxacin, rifampin, penicillin, Enterococci are part of the microbial communities
chloramphenicol, tetracycline and erythromycin. Thes¢hat colonize mammals, composing 1% of the human
seven isolates, showing similar resistance phenotypestestinal microbiota. Among members of the genus
were typed by PFGE and classified into genotypes naméghterococcusk. faecalisandE. faeciumare the

A (n=4), B (n=2), and C (n=1). Four representativemost common species isolated from human feces, and
strains from these genotypes and also two examplestbfey are the most common agents recovered from
ampicillin-susceptibleE. faecaliswith divergent enterococcal infectious diseases [3]. In our
genotypes (D and E) are shown in Figure 2. investigationE. faecalig76%) ande. faeciun{9%)

www.bjid.com.br



202 Epidemiology and Resistance of Enterococci BJID 2004; 8 (June)

were the most prevalent species colonizing thend reliable identification of enterococcal spedies (
gastrointestinal tract of patients from ICUs of twofaecalis E. faecium E. casseliflavusand E.
hospitals of Brasilia, Brazil. Similar results were gallinarum).
obtained for clinical isolates in other studies from Brazil Ampicillin, in association with gentamicin or
[10,21-23] and the United States [24]. These twcstreptomycin, are the first choice drugs to treat severe
species were also the most prevalent enterococcahterococcal infections [3]. Therefore, in the case of
isolates when considering only ICU isolations in studie$iLAR, there is no synergism between the
in Sweden and Lebanon [25, 26]. aminoglycosides and b-lactams, which compromises
Enterococcal infections have received much attentioantibiotic therapy [1]. In our investigation, none of the
after the emergence of isolates resistant to glycopeptide faeciumsolates expressed HLAR, a result that
antibiotics [3,4]. VREs are uncommon nosocomialcontrasts with previous publications [8,9]. However,
pathogens in Europe [27], but they have been isolate2P% of thekE. faecaligsolates were highly resistant to
from livestock, small animals and healthy people [3,18]gentamicin. Investigations conducted in other countries
In contrast, the community reservoir seems to be abseiatund prevalences of gentamicin resistanc&.in
inthe USA, where VRESs pose an alarming problem ifaecalisranging from 14% to 41% [26,30,31]. In
hospitals [5]. The first Brazilian VRES were isolated inBrazil, previous publications have described resistance
Paran& (1996) and Sao Paulo (1997), with vanD antth gentamicin in alE. faecalisstrains found resistant
vanA phenotypes, respectively [6,7]. After that, VREg0 vancomycin [8, 9]. In addition, we found that 8% of
were detected in hospitals from various cities, includinghe E. faecalissolates had high-level resistance to
Sé&o Paulo, Marilia, Rio de Janeiro, Uberlandia, andtreptomycin. The streptomycin resistance prevalence
Porto Alegre [8-13]. Due to the geographic dimensionsmong thé&. faecalissolated during the first Brazilian
of Brazil, it was expected that each state would isolateutbreak of vancomycin-resistant enterococci was
VRE at different times. We found no VRES in the higher (22%) [8]. In contrast, Reis et al. (2001) found
hospitals investigated in Brasilia. absence of streptomycin resistance among the
Several PCR protocols have been developed imancomycin-resistant enterococci isolates that they
order to identify enterococcal species and to detestudied [9]. Stern et al. (1994) found a clear tendency
glycopeptide resistance genotypes [20,28]. Woodfortbwards increasing enterococcal HLAR over the years
et al. (1997) tested a multiplex PCR method or{e.g., 29%, 1985-1986; 55%, 1989-1990), which
bacterial colonies, with the same set of primers focould explain the differences in prevalence described
species identification used in our study [29]. They founckarlier [21]. Finally, previous investigations have shown
95% agreement between genotypic and phenotypibat endemic and high-level aminoglycoside resistant
methods, and they established the use of PCR tisolates have gained vancomycin resistance genes,
identify enterococci submitted to the Laboratory ofwhich has been a subject of great concern [8,10].
Hospital Infection of the Central Public Health  Resistance to ciprofloxacin, rifampin, tetracycline, and
Laboratory, London, United Kingdom [29]. In our erythromycin was prevalent amoBgfaecalisandE.
investigation, the primer concentration, annealingaeciumisolates. Zanella et al. (2003) have described
temperature, and amplification cycles, were carefullyesistance to tetracycline (98%) and ciprofloxacin (96%)
adjusted in order to develop a multiplex PCR assain Brazilian vancomycin-resistaat faecaligsolates [8].
that allows the direct suspension of bacterial colonieStudies conducted in several countries (e.g. Poland, South
in the PCR mixture. The rate of agreement observe#frica, Lebanon, Kuwait, and Italy) have also found
between biochemical and PCR results (95%&for prevalence of ciprofloxacin and tetracycline resistance
faecalis and E. faeciuni00% forE. gallinarum  phenotypes among enterococci isolates [26,32-35]. In
andE. casseliflavusshowed that our multiplex PCR addition, the presence of resistance genes within
protocol for bacterial colonies can be used for rapidransferable genetic structures, such as plasmids, enables
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the horizontal spreading of resistance among isolates [Brazil, Argentina, Chile, Ecuador and Venezuela [38].
In a recent study, it was observed that mobile genetidd/e considered this a representative study of the
elements account for more than a quarter of the compldBrazilian enterococcal resistance profiles, because it
E. faecalis V588enome and, consequently they playincluded isolates from four different cities (Sao Paulo,
important roles in the acquisition and dissemination of drugio de Janeiro, Floriandpolis and Porto Alegre). In
resistance among enterococci [36]. addition, 81% of the vancomycin-resistBnfaecium
Resistance to ampicillin, the drug of choice forisolates were from Brazil. In that investigation, Sader
enterococcal infections, was observed in 12% of thet al. (2001) found resistance to ampicillin in 100% of
E. faecaligsolates in our investigation. The prevalencethe vancomycin-resistari. faecium which
rate was near that observed during the first Braziliagorroborated previous publications [8,9,38]. However,
vancomycin-resistant outbreak (9.4%), which occurrednost of the vancomycin-susceptiBlefaeciunwere
in S&o Paulo [8]. D’Azevedo et al. (2001) have alssusceptible to ampicillin (72% to 84%). We also found
found a similar rate of resistance to ampicillin (10%)a high prevalence of susceptibility to ampicillin (100%)
among vancomycin-resistait faecalisecovered among vancomycin-susceptitidefaeciumsolates,
from Porto Alegre city, in southern Brazil [37]. In corroborating the GSMART results.
contrast, ampicillin-resistance was absent among In our study, seven ampicillin-resist&htfaecalis
vancomycin-resistaiit. faecaligsolates from another isolatesshowing resistance to gentamicin, ciprofloxacin,
study [9]. Aremarkable variation in tlke faecalis  rifampin, penicillin, chloramphenicol, tetracycline and
ampicillin resistance prevalence has been found ierythromycin were isolated from different UTI patients
various countries, as follows: Poland (0%), Lebanorirom the University Hospital of Brasilia. The PFGE
(0.9%), South Africa (1.4%), Brazil, Argentina, Chile, analysis of the seven ampicillin resist&rfaecalis
and Ecuador (1-7%), Croatia (5.2%), and Italy (17%)solates with multiple resistance phenotypes revealed
[26,32-34,38,39]. three different genotypes, named A, B, and C.
The ampicillin-resistarit. faecalissolates inour Genotype C was represented by only one isolate.
investigation had MIC values ranging fromd@mL  However, four and two isolates from different patients
to 32ug/mL, being classified as resistant (Mt@6  shared genotypes Aand B, respectively. These endemic
png/mL) [16]. However, some authors consider thatlones (types A and B) spread among patients during
ampicillin would be useful to treat infections (e.g. lowerdifferent periods of time. Previous investigations
urinary tract infection) caused by enterococci with MICperformed in several countries, including Brazil, have
for ampicillin< 64pg/mL [1]. This antibiotic therapy described intra and inter-hospital spread, as well as
would avoid the use of glycopeptides and newer drugsersistence of genetically related VREs [9,40]. In
(e.g. linezolid), thus reducing the selective pressure faddition, vanA and vanB genes have been incorporated
resistant isolates [3]. into endemic ampicillin-resistant vancomycin-sensitive
Interestingly, noE. faeciumisolates showed E. faecium[41,42]. The long-term presence of
resistance to ampicillin in our investigation. This genetically related enterococcal lineages in nosocomial
resistance phenotype occurred in 100% of thevards, and the relationship between resistance and
vancomycin-resistaifit. faeciunof the first Brazilian  virulence are factors that drive local epidemiology and
outbreak and among isolates recovered from differeriacterial evolution [3,43]. A previous publication found
hospitals of the cities of S&o Paulo and Curitiba [8,9]both ampicillin resistance and presence of the esp gene
Data gathered from a recent investigation, as part afs associated events among vancomycin-sensitive
an international surveillance program, called GSMARTfaeciumisolates [44].
(Global Synercidl Microbiologic Assessment of In conclusion, none of the enterococcal isolates from
Resistance Trends), described the ampicillin resistan¢be Brasilia ICUs were resistant to vancomycin or
prevalence among Latin America countries, includingeicoplanin, and most of them remain susceptible to
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ampicillin. In contrast, the prevalence of HLAR, the 7.
resistance patterns found, and the clonal dissemination
of endemic ampicillin-resistakt faecalisare subjects

of concern. We suggest actions promoting the rational
use of antibiotics in health-care settings, the executiors.
of surveillance studies in order to monitor changes in
enterococcal resistance patterns and the adoption of
measures to prevent the spreading of genetically—relateg
resistance isolates.
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