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ABSTRACT

A study was performed to determine the species and antimicrobial susceptibil-
ity of 100 enterococcus strains from various clinical specimens as etiological agents
at the Clinical Microbiology Laboratory, Istanbul University, Medical Faculty

Hospital.

Out of 100 enterococcal isolates, 86 were identified as E. faecalis, 11 as E.
faecium, 1 as E. avium and 2 as FE. raffinosus.

By the disk diffusion tests 36 of 100 strains were found to be resistant to eryth-
romycin, 32 to penicillin, 30 to ampicillin, 7 to ciprofloxacin, 6 to norfloxacin
and 5 to nitrofurantoin. No resistance was observed to vancomycin or teicoplanin.

Twenty-six strains showed high-level resistance to streptomycin (2000 pLg/mL)
and 13 strains exhibited high-level resistance to gentamicin (500 pLg/mL). Ten of
these strains had high-level resistance to both aminoglycosides. None of the strains

produced beta-lactamase.
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INTRODUCTION

Enterococciare normal inhabitants of the gastrointes-
tinal tract of humans and animals. Urinary tract infec-
tions are frequently caused by these bacteria. Intra-ab-
dominal or pelvic wound infections, and bacteremia with
or without endocarditis are among other common entero-
coccal infections. Despite their innate low virulence,
these organisms have emerged as major nosocomial
pathogens.'

Enterococcus ranks as the second most common pathogen
isolated in nosocomial infections, and the third most common
cause of nosocomial bacteremia in the USA. Enterococci are
intrinsically resistant or tolerant to many antibiotics including
the penicillinase-resistant anti-staphylococcal penicillins and
most cephalosporins.'~

An inherent property of enterococci is their low-level
resistance to aminoglycosides, and studies have shown
that enterococci highly-resistant to aminoglycosides are

165

becoming increasingly common. When a cell wall in-
hibitor such as a beta-lactam antibiotic or vancomycin is
used together with an aminoglycoside, the cell wall in-
hibitor enhances the uptake of the aminoglycoside by
changing the permeability of the cell wall and thus en-
hances the effect of the aminoglycoside.** The emergence
of high-level aminoglycoside resistance in enterococcal
strians and the increasing reports of vancomycin resis-
tant enterococci create great difficulty to cure serious
infections.!*”

Thus the aims of this study were to determine the spe-
cies distribution of enterococci, to determine their sus-
ceptibility to vancomycin and some other antibiotics,
beta-lactamase production and high-level resistance to
aminoglycosides.

MATERIAL AND METHODS

A total of 100 strains of enterococci isolated from various
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clinical specimens of patients in a four month period (Septem-
ber to December 1999) at the Clinical Microbiology Labora-
tory, Istanbul University, Medical Faculty Hospital were iden-
tified by morphology negative catalase positive PYR (N, N-
dimethylaminocinnamaldehyde) tests, and by the ability to
hydrolyse esculin and to grow in the presence of 6.5% NaCl.¢
Identification of these 100 strains to the species level was car-
ried out according to Facklam and Collins’ criteriaand by API
Rapid ID Strep (Bio Merieux) when necessary. Antibiotic sus-
ceptibility tests were performed and evaluated according to
NCCLS (National Committee for Clinical Laboratory Stan-
dards) proposals. Five mL of Mueller-Hinton broth was in-
oculated to 4-5 colonies in tryptic soy agar incubated at 37°C
for 3-4 hours, and the turbidity was adjusted to MacFarland
No. 0.5 tube. The surface of Mueller Hinton agar plates were
spread with this suspension, antibiotic disks were applied and
the diameters of inhibition zones were recorded after a 24 hour
incubation at 37°C. For agar dilution tests a drop containing
10" CFU (colony-forming unit) of a strain was placed on
Mueller-Hintonagar containing appropriate concentrations of
vancomycin. In agar dilution tests of aminoglycosides, 10¢
CFU/drop bacterial suspension and brain-heart infusion agar
were used. Any growth within 24 hours at 35°C was evaluated
as a sign of resistance to the indicated concentration of antibi-
otic.”® Beta-lactamase production was investigated by posi-
tive nitrocefin test (nitrdqcfin; Oxoid Ltd).* Enterococcus
faecalis ATCC (American-Type Culture Collection) 29212 was
used as control. '

" RESULTS

A total of 100 enterococcus strains were isolated from
various clinical specimens of patients within four months.

Seventy of these 100 strains were isolated from urine
specimens, 18 from pus, 8 from blood cultures, 2 from
vaginal swabs and 2 from cerebrospinal fluid (CSF).

Of 100 enterococcus strains, 86 were identified as E.
faecalis, 11 as E. faecium, 1 as E. avium, and 2 E.
raffinosus.

Table I shows the results of disk diffusion test for
enterococcus strains. A total of 36 enterococcus isolates
were resistant to erythromycin. The number (and per-
centage) of resistant strains varied from 0-32 for other
antibiotics.

Beta-lactamase production was not seenin any of the
strains. Vancomycin and teicoplanin resistance were not
detected. The vancomycin MICs for all strains were <2
ug/mL.

Table II shows that in agar dilution tests, a total of 5
(45%) E. faecium isolates and 21 (25%) E. faecalis
strains were highly resistant to streptomycin (MIC>2000
pg/mL). Out of 11 E. faecium isolates, 6 strains (55%)
and out of 86 E. faecalis isolates, 7 strains (8%) were
highly resistant to gentamicin (MIC>500 pg/mL).

High-level resistance to streptomycin and gentami-
cin was found in 5 strains (45%) of E. faecium and 4
strains (5%) of E. faecalis. Results suggested that high-
level resistance was more common in E. faecium strains
when compared with E. faecalis (p<0.001).

DISCUSSION

Enterococci are normal inhabitants of the gastrointes-
tinal tract of humans and animals. They can cause dif-
ferentinfections, for example urinary tract and intra-ab-
dominal wound infections, and can also be responsible

Table I. Results of disk diffusion tests for 100 enterococcus strains.

Antibiotics E P AM

CIp NOR FM \4 TP

Resistant (No.) 36(36%)

32 (32%) | 30 (30%)

7 (7%) 6 (6%) 5 (5%) 0 (0%) 0 (0%)

Abbreviations used in the Table: E: Erythromycin, P: Penicillin, AM: Ampicillin, CIP: Ciprofloxacin, NOR: Norfloxacin,

FM: Nitrofurantoin, V: Vancomycin, TP: Teicoplanin

Table II. High-level resistance determined by agar dilution tests in 100 enterococcal strains.

Resistant to:
Species Strains | Streptomycin Gentamicin Streptomycin+Gentamicin
(2000 pg/mL) (500 pg/mL) (2000 pg/mL+500 pg/mL)
n n (%) n (%) n (%)
E. faecium 11 5 (45%) 6 (55%) 5 (45%)
E. faecalis 86 21 (25%) 7 (8%) 4 (5%)
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for severe life-threatening diseases such as bacteremia
and endocarditis. Despite their innate low virulence, en-
terococci have emerged as major nosocomial pathogens.'
These bacteria are intrinsically resistant to several anti-
biotics and possess the ability of acquired resistance
through the exchange of genetic material, thus they have
become more resistant to multiple antibiotics.'?

As some studies show, the most common enterococ-
cal infection is urinary tract infection!! and this fits in
very well with the present study considering that 70 out
of 100 of our isolates had been isolated from urine speci-
mens.

Investigations reveal that about 85-90% of clinical
enterococcal isolates are E. faecalis strains, which are
followed by E. faecium (5-10%) and less frequently by
other species.'>!?

In this study, of 100 enterococcus isolates, 86 were
identified as E. faecalis, 11 as E. faecium, 1 as E. avium
and 2 as E. raffinosus. Our observation concurs with other
studies, with 80-90% of clinical isolates being E. faecalis,
and E. faecium accounting for most of the remainder.

As shown in Table I, the most active antibiotics after
teicoplanin and vancomycin were nitrofurantoin,
norfloxacin and ciprofloxacin with 5%, 6% and 7% of
resistance (determined by disk diffusion tests) respec-
tively. A total of 36% of the enterococcal strains were
found to be resistant to erythromycin. Penicillin and
ampicillin resistance percentages were 32% and 30%
respectively. Our results were comparable and up to a
certain degree in accordance with some other studies.'*!3

High-level aminoglycoside resistance has very im-
portant consequences in the therapy of enterococcal bac-
teremia and endocarditis. Although it may be regarded
as important for severe infection isolates,'*'> we deter-
mined the presence of high-level antibiotic resistance in
strains to have an idea about the frequency of this kind
of resistance among these isolates in Turkey.

The percentages of high-level resistance to gentami-
cin (500 pg/mL) and streptomycin (2000 pg/mL) were
55% and 45% respectively for E. faecium strains. The
percentages of high-level resistance to gentamicin and
streptomycin among E. faecalis isolates were 8% and
25% respectively. When the combinations of
aminoglycoside resistance are taken into consideration,
45% of E. faecium and 5% of E. faecalis strains were

<found to be highly-resistant to both streptomycin and
g gentamicin. Our results showed that high-level resistance
among E. faecium strains were higher than E. faecalis
strains (p<0.001).

Two different mechanisms are known for high-level
=aminoglycoside resistance, the first one is ribosomal re-
ﬁsistance and the second one is known as enzymatic modi-
Efication. Most of the enterococci with high-level resis-
= tance to aminoglycoside are known to have the enzymatic
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type of resistance.*

The high-level resistance of E. faecalis from blood
isolates was seen for the first time in the USA in 1985,
and the prevalence of such strains amounted to 9% in
1985-8 and to 35% in 1989-91. A study revealed 31%
high-level gentamicin resistance in E. faecium strains and
37% in E. faecalis strains and reported 62% high-level
streptomycin resistance in E. faecium strains and 36%
in E. faecalis strains.'®

Gokahmetoglu et al. reported an incidence of 71%
high-level gentamicin resistance among isolates of E.
faecium and 22.2% among E. faecalis in blood cultures.
In that study, high-level streptomycin resistance had been
found in 71% of E. faecium isolates and 33.3% of E.
faecalis strains.'” On the other band Ma et al. observed
only 22.3% high-level gentamicin resistance in E.
faecalis withnone in other species.'®

In serious enterococcal infections, a combination of
abeta-lactam and an aminoglycoside is used forthe syn-
ergistic effects of these antibiotics. If the strain has high-
level resistance to aminoglycosides, the synergy between
these two groups of antibiotics disappears and vanco-
mycin should be considered. Vancomycin-resistant en-
terococci (VRE) were first described in 1988, and un-
fortunately in the last decade enterococci with acquired
resistance to vancomycin have been isolated with increas-
ing frequency."'*?° For this reason, vancomycin resistance
was also searched in our strains and no glycopeptide (van-
comycin and teicoplanin) resistance was seen in our in-
vestigation. The vancomycin MICs for all strains were
<2 pg/mL. However, it is suggested that further studies
be done for the early detection of such strains in Turkey.

Although beta-lactamase producing enterococcal iso-
lates have been reported from some other countries, none
of our 100 strains gave positive results by nitrocefin test
suggestive of no production of beta-lactamase and this
was in concurrence with some other investigations.'?!82!
Regarding not to isolate any beta-lactamase producing
enterococcus strains, it seems that it is not necessary to
investigate the production of beta-lactamase among en-
terococci, at least in Turkey.
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