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SUMMARY: Enterococci, a family of important opportunistic pathogens, exhibits intrinsic resistance to a number
of antimicrobial agents in addition to acquired multidrug resistance. The present study was conducted to deter-
mine whether enterococci at a tertiary care hospital in India exhibit high-level aminoglycoside resistance and β-
lactamase production. Enterococci were isolated from various clinical specimens and identified phenotypically.
High-level resistance (HLR) to gentamicin, kanamycin, and streptomycin was determined by disc diffusion tests.
β-lactamase production was detected using three methods: iodometric, acidometric, and chromogenic β-lactamase
assays. Among the 86 enterococci isolated, 34 were found to have HLR to one or more aminoglycosides; HLR to
kanamycin was most common. Vancomycin resistance was present in four of the isolates. Only one enterococcus
produced β-lactamase, and it was sensitive to ampicillin on routine disc diffusion testing. β-lactamase produc-
tion among enterococci, though not very common, may be missed on routine susceptibility testing. Frequent
occurrence of HLR to kanamycin makes amikacin a poor choice for inclusion in combination therapy with cell
wall-active agents.
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In recent years the incidence of nosocomial enterococcal
infections has increased markedly (1). This genus is intrinsi-
cally resistant to a number of antimicrobial agents, including
low concentrations of aminoglycosides (2). None of the cur-
rently available cephalosporins exhibit clinically useful
activity against them. In addition, enterococcus is rapidly
acquiring resistance to many commonly used antibiotics in
hospitals. Of particular concern is the rapid dissemination of
enterococci with high-level aminoglycoside-resistance. The syn-
ergistic effect obtained by the combination of aminoglycosides
with cell wall-active agents disappears in strains that show
high-level resistance (HLR) to aminoglycoside (2).

The present study was designed with the aim of isolating
and characterizing Enterococcus spp. from clinical specimens
and studying the prevalence of drug resistance among these
isolates, especially with regard to high-level aminoglycoside
resistance (HLAR) and β-lactamase production.

The study was conducted between May 2004 and April
2005, and included 5,890 different clinical specimens referred
for bacteriological culture (5,516 inpatients department [IPD]
samples and 374 outpatients department [OPD] samples).
There were 3,277 urine, 1,666 blood, 344 pus, and 183
cerebrospinal fluid (CSF) samples, 175 vaginal swabs, 70
throat swabs, and 175 samples of other body fluids such as
ascitic fluid, pleural fluid, tissue aspirates, tissue pieces, and
catheter tips. The isolated enterococci were identified to the
species level using phenotypic methods (3). An antibiotic
sensitivity test was performed by Kirby-Bauer’s method on
Muller-Hinton sheep blood agar. The following discs at the
following concentrations were used (Hi-Media Pvt. Ltd.,
Mumbai, India): ampicillin, 10 μg/disc; chloramphenicol,
30 μg/disc; ciprofloxacin, 5 μg/disc; erythromycin, 15 μg/
disc; teicoplanin, 30 μg/disc; tetracycline, 30 μg/disc; van-

comycin, 30 μg/disc. Aminoglycoside discs were used at a
high-level concentration: diffusion in solid medium using
discs impregnated with 120 μg of gentamicin (which also
predicts susceptibility to tobramycin and netilmicin) and
kanamycin (which also predicts response to amikacin), and
300 μg of streptomycin was performed (3,4). Before use,
each lot of discs was checked with the standard strain of
Enterococcus faecalis ATCC 29212. Inhibition zones were
interpreted according to NCCLS guidelines. β-lactamase pro-
duction was detected by three methods: iodometric, acidometric,
and chromogenic β-lactamase assays (5).

A total of 86 enterococci were isolated (70/5,516 IPD
samples; 16/374 OPD samples). The isolation rate of entero-
cocci was 1.46%. The spectrum of infections associated
with enterococci was diverse (Table 1). Seventy-nine per-
cent (68/86) of enterococci were sensitive to ampicillin (Table
2). Resistance to ampicillin was found to be significantly
higher among E. faecium than among E. faecalis (11/33
versus 3/42, respectively), as reported earlier (6). Resistance
to tetracycline was the highest noted in the present study,
followed by resistance to erythromycin and ciprofloxacin. For
all other antibiotics there was no significant difference be-
tween the resistance pattern of E. faecalis and E. faecium. In
another study (7) from the subcontinent, among the 444
enterococcal isolates tested 66% were found to be resistant
to ampicillin, 85% to erythromycin, and 88% to ciprofloxacin,
and 26% of isolates had HLAR. In the present study, 40%
(34/86) of enterococci were found to have HLR to one or more
aminoglycosides. The HLR was greatest for kanamycin, fol-
lowed by streptomycin and gentamicin (48.8, 20.9, and 8.3%,
respectively). Species-wise there was no significant differ-
ence for the presence of HLAR (Table 2). Seven patterns of
HLR were found; the most common was HLR to kanamycin
alone in 26 isolates, followed by HLR to kanamycin and
streptomycin together in 5 isolates. HLR to gentamicin was
not found alone in any enterococci; it was always associated
with resistance to kanamycin, streptomycin or both. The low
prevalence of HLR to gentamicin suggests that gentamicin
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should maintain a synergistic effect when combined with cell
wall-active agents in the treatment of serious enterococcal
infections. The frequent occurrence of HLR to kanamycin
confirms that amikacin is a poor choice when attempting to
achieve synergistic therapy. Higher HLAR rates of 73.3 and
68% have been reported from other Indian centers and may
reflect antibiotic usage practices (8,9).

All enterococci were sensitive to teicoplanin, whereas 4
(4.65%) were resistant to vancomycin by the disc diffusion
method. The MIC for vancomycin for the 3 isolates was 32
μg/ml and the MIC of 1 isolate was 256 μg/ml by both the
agar and broth dilution method. All were recovered from urine
and identified as E. faecalis. All four patients were female,
aged 30 to 65 years, and all four developed nosocomial
urinary tract infection during a prolonged hospital stay. Based
on the results of the MIC studies and their susceptibility to
teicoplanin, the vancomycin-resistant enterococci (VRE) iso-
lates appear to be of the vanB phenotype. Of these four
VRE, three were sensitive to high-level gentamicin; all were
sensitive to high-level streptomycin and two were resistant to
kanamycin. Thus, high-level doses of aminoglycosides in
combination with β-lactams may be helpful in the treatment
of VRE. Studies (7,10,11) on VRE isolation from India have
reported an incidence ranging from 1 to 5.6%, with both type
A and B being observed, indicating that VRE is slowly emerg-
ing as a serious problem. Of the 86 enterococcal isolates in
the present study, only one produced β-lactamase (positive by
all three methods), which was E. faecalis isolated from blood,
and by routine disc diffusion it was sensitive to ampicillin.
This isolate was sensitive to vancomycin. β-lactamase pro-
duction among enterococci is not very common (12). But
what is important is that this can be missed on routine disc
susceptibility testing due to the inoculum effect (5,13).
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Table 1.  Distribution of Enterococcus spp. in various clinical specimens

Sample
No. of

E. faecalis E. faecium E. avium E. durans E. dispar E. casseliflavus E. cecorum E. hirae
enterococci

Urine 54 34 13 3 1 – 1 1 1

Blood 21   5 14 1 – 1 – – –

Pus   4   1   3 – – – – – –

Vaginal swab   3 –   1 1 – – 1 – –

Catheter tip   3   1   2 – – – – – –

Tissue   1   1 – – – – – – –

Total 86 42 33 5 1 1 2 1 1

Table 2.  Antibiotic sensitivity of enterococci by disc diffusion method

Species
A T Km* Gm* Sm* Cp E C Va Te

S R S R S R S R S R S R S R S R S R S R

E. faecalis (n = 42) 39   3 10 32 27 15 38 4 34   8 15 27 15 27 14 28 38 4 42 –

E. faecium (n = 33) 22 11   9 24 18 15 31 2 27   6 16 17 11 22 16 17 33 – 33 –

Others (n = 11)   7   4   4   7   3   8   9 2   7   4   2   9   5   6   4   7 11 – 11 –

Total (n = 86) 68 18 23 63 48 38 78 8 68 18 33 53 31 55 34 52 82 4 86 –

A, ampicillin; T, tetracycline; Km, kanamycin; Gm, gentamicin; Sm, streptomycin; Cp, ciprofloxacin;
E, erythromycin; C, chloramphenicol; Va, vancomycin; Te, teicoplanin; S, sensitive; R, resistant.
*Aminoglycoside disks used are high level.


