ANKEM Derg 7 (No.4): 217-224 (1993)

ANTIBIOTIC RESISTANCE IN ENTEROCOCCI
ISOLATED FROM URINE WITH EMPHASIS TO
HIGH-LEVEL RESISTANCE TO BETA-LACTAMS AND
AMINOGLYCOSIDES(*)

Kurtulugs TORECI, Betigiil ONGEN

SUMMARY

From urine specimens of pediatric patients, 100 enferococcal strains (88 E.
faecalis, 10 E. faecium, 1 E.avium, 1 E. casseliflavus) were isolated. In disk
diffusion tests most of the isolates (75-95) were found 1o be resistant to tetrac-
ycline, gentamicin and amikacin and the numbers of resistant strains varied
from 2 to 29 for other 16 antibiotics. The most clfective antibiolics were qui-
nolones. None of the strains produced beta-lactamasce. High-level resistance,
singly or in combination, were detected in 5 strains for penicillin (100 pg/mi),
in 4 strains for ampicillin (50 pg/mI), in 11 strains for gentamicin (500 pg/ml),
in 15 strains for streptomycin (2000 wg/ml), in 1 strain for tobramycin, amika-
cin and netilmicin (2000 pg/ml). Twenty-two strains had high-level resistance
to at least one aminoglycoside. Vancomycin resistance was not detected.

OZET

Idrardan izole edilen enterokoklarda antibiyotik direnci: beta-laktamlara ve
aminoglikosidlere yiiksek diizeyde direng.

Cocuk hastalanin idrar kiiltiirlerinde 100 enterokok susu izole edilmigtir (88
E. faecalis, 10 E. faecium, 1 E.avium, 1 E.casseliflavus). Disk ditiizyon yoénte-
miyle suglarn ¢ogu (75-95) tetrasikline, gemtamisine ve amikasine direngli bu-
lunmug, diger 16 antibiyotige direngli sug sayilari 2-29 arasinda degismigtir. En
elkili antibiyotikler kinolonlar olmustur. Suglar beta-laklamaz oluglurmanmgtis,
Bazilarinda birine, bazilarinda birkagma olmak iizere suglarn 5% penisiline (100
ug/ml), 4% ampisiline (50 pg/ml), 11'i gentamisine (500 ug/mi), 157 streptomi-
sine (2000 pg/ml), 1°i tobramisin, amikasin' ve- netilmisine (2000 pg/ml) yiiksek
dizeyde direncli bulunmugtur. 22 sus aminoglikosidlerden en az birine yitksek
diizeyde direng gdstermistir. Vankomisine direncli suga rastlanmamagtir,

INTRODUCTION

The increase of infections caused by enterococci is striking in recent years.
In a survey in U.S. hospitals, they were reported as the second leading cause
of nosocomial infections exceeded in frequency only by E.coli and oulnumbe-
ring the third and fourth-ranked organisms P. aeruginosa and S. aureus (14). It
was reporied that isolation of Enterococcus species from wrinary infections had
risen from 4 % in 1971 10 12.6 % in 1990 (4) or 1o 13 % in 1989 (7) in hos-
pitalized patients. Antibiotic resistance of enterococci has become another focus
of interest.

(*) Presented in the 81h Turkisk Antibiotic and Chemotherapy (ANKEM) Congress (22-28 May 1993, An-
talya) and Symposium on Infeclions due to Gram-positive Cocci {25-28 August 1993, Ankara).
Istanbul Medical Faculty, Department of Microbiology and Clinical Microbiology, Capa, Istanbul.
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Urinary tract infections are frequently caused by enterococci and are the
most common enferococcal infections in humans. Intraabdominal or pelvic wo-
und infections, bacteremia with or without endocarditis are among other com-
mon enierococcal infections (14). Moriality in enterococcal bacteremia and
endocarditis has generally been high (e.g. 44 %) (12). Urinary tract infections
which are frequently related to instrumentation or anatomical abnormality were
blamed as the usual sources of enterococcal bacteremia and endocarditis. In a
research, the most common (25 %) eniry site was found to be urinary tract for
E. faecalis bacteremia (5). It was also reporied that there is no correlation bel-
ween species and source of the specimen in enterococcal infections (1). Thus,
the strains isolated from wrinary tract infections may be regarded as represenia-
tives of overall strains in a region.

Enterococci are intrinsically resistant and tolerant to beta-lactam antibiotics
such as penicillins and cephalosporins. One of the reasons for this resistance is
the low affinity of these antibiotics for PBPs of enterococci, and PBP 5 has be-
en reported to play the crucial role in this kind of resistance (13). Another
mechanism of enlerococcal resistance fo beta-lactam antibiotics is beta-lactama-
se production which was not reported until 1983 (17). MICs of penicillin (2-8
ng/ml) for E. faecalis may be 10 o 100 times of those for sireptococci (16).
E. faecium strains are usually more resistant (MIC 16-32 pg/ml). Low-level re-
sistance 1o aminoglycosides is also an inherent property of enterococci and it is
due to low uptake of these antibiotics by bacteria (16). When a cell wall inhi-
bitor such as a beta-lactam antibiotic or vancomycin is vsed together willh an
aminoglycoside, cell wall inhibitor enhances the uptake of the aminoglycoside
by changing the permeability of the cell wall and thus enhances the baclerici-
dal effect of the aminoglycoside (15). The emergence of high-level aminog-
lycoside resistance in entcrococcal strains together with high-level beta-lactam
resistance and the increasing reporis of vancomycin resistant enterococci create
great difficulty for clinicians to cure serious enterococcal infections such as
bacteremia and endocarditis caused by such sirains.

In this paper the resulls of disk diffusion susceptibility tests for 19 antibio-
tics of 100 Enterococcus strains isolated from urine specimens and identilied at
species level were reported together with beta-lactamase production, and high-
level resistance to penicillins, vancomycin and aminoglycosides.

MATERIALS AND METHODS

Enterococci isolated from urine specimens of pediatric patients in a three-
months period (Dec 92-Feb 93) were identified by morphology, catalase pro-
duction, haemolytic properties, growth in esculine-bile agar and 6.5 % NaCl
conlaining agar at genus level (3). API 20 Strep identification strips (bioMcrie-
ux) were used for the identification at species level of 100 strains. Susceptibili-
ties 1o aniibiotics shown in table 1 were determined by disk diffusion tests on
Mueller-Hinton agar. High-level resistance was also investigated to antibiotics
shown on lable 2 by agar dilution 1ests.

Antibiotic susceplibility tests were performed and cva]uatcd according 1o
NCCLS proposals. 5 ml Mueller-Hinton broth was inoculated from 4 10 5 colo-
nies in iryptic soy agar, incubated at 37°C for 3 10 4 hours, and the turbidity
was adjusied to McFarland No 0.5 tube. The surface of Mucller-Hinton agar
plates were spread with this suspension, antibiotic disks were applicd and the
diameters of inhibition zones were recorded aficr 24 houss incubation at 37°C.
For agar dilution 1ests a drop containing 10* CFU of a strain was placed on
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Mueller-Hinton agar containing appropriale concentrations of penicillins or van-
comycin. In agar dilution tesls for aminoglycosides, 108 CFU/drop bacterial
suspension and brain-heart infusion agar were used. Any growth in 24 hours at
35°C was cvaluated as a sign of resistance to the indicated concentration of
antibiotic. Beta-lactamase production was investigated by nitrocefin test (BBL-
Cefinase disks).

RESULTS

Out of 100 enlerococcal isolates, 88 were identified as E. faecalis, 10 as
E. fuecium, 1 as E.avium and 1 as E. casseliflavus.

By disk diffusion tesis, most of the strains were found to be resistant to
tetracycline, gentamicin and amikacin as shown in table 1. The numbers (and
percentages) of resistant sirains varied from 2 to 29 for other antibiotics. Eight
strains classified as resistant to vancomycin by disk diffusion tests would be
classified as intermediate if their inhibition zones were only 1 mm wider. For
this reason they were subjecled 1o tube dilution fests for vancomycin and MIC
values were found to be 1 ug/ml for 5 and 0.5 pg/ml for remaining 3 strains.

No bela-lactamase activity was detected in any strain although the number
of resistant strains to amoxycillin/clavulanic acid was 7 less than those which
gave inhibition zones indicating resistance to ampicillin/amoxycillin.

In agar dilution tests, 2 strains were found highly-resistant only for beta-
lactam antibiotics, 17 strains only for aminoglycosides and 5 sirains for both
beia-lactams and aminoglycosides (Table 2). No strain grew on 4 pg/ml van-
comycin containing agar. The most resistant strain was a E. faecalis (n0.39)
which was found 1o be resistant to 12 antibiotics except chloramphenicol, van-
comycin and quinolones by disk diffusion fesis and highly-resistant to penicil-
lin, ampicillin, tobramycin, amikacin, netilmicin and gentamicin. 11 was the
only strain with high-resistance to tobramycin, amikacin and netilmicin. On the
other hand, results suggest that high-level resistance is more common in E. fae-
citm strains since 6 of 10 E. faecium and 18 of 88 E. faecalis strains was fo-
und to be highly resistant to” one or more of 2 beta-lactam or of 5
aminoglycoside antibiotics to which this kind of resistance was searched
(p<0.02).
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Table 1. Results of disk diffusion tests for 100 Enterococcus strains.
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DISCUSSION

The importance of enterococci has increased in recemt years due to the in-
creasing frequency of enterococci in hospital infections, intrinsic or acquised
resistance of these bacteria 1o many antibiotics, and due to the problems in the-
rapy caused by strains with high-level antibiotic resistance.

About 85-90 % of clinical enterococcal isolates are E. faecalis strains
which are followed by E. faecium {5-10 %) and less frequently by other speci-
es (14). The most common enterococcal infection is wrinary tract infection. ln
this reserarch 100 strains were isolated from 2286 consecutive urine specimens
as causative agents (4.4%). If only the specimens with a pathogen are conside-
red, this ratio should be at least three times higher. Out of 100 enterococcal i-
solates 88 were identificd as F..faecalis, 10 as E. faecium, 1 as E. avium and 1
as E. casseliflavus. Hascelik et al (8) identified all of 42 strains isolated from
various clinical materials in Ankara as E. fuecalis.

As it is shown in 1able 1, imost of the emterococcal sirains isolated in this
work were found resistani to amikacin, gentamicin and tetracyline by disk dif-
fusion tests. Although 6 cephalosporin antibiotics were also used, their results
were not shown since they are usually not recommended in enterococcal infec-
tions and they did not exert enough activity worthy 1o mention. The mosl acti-
ve antibiotics were quinolones as a group in our study. Cur results were
comparable and upto a certain degree in accordance with these reported from
Italy (18). More information is given below for the 8 strains found as van-
comycin resistant by disk diffusion tests.

High-level antibiotic resistance to beta-lactam and aminoglycoside antibio-
tics has very imporlanl consequences in the therapy of enterococcal bacteremia
and endocarditis. Although it may not be regarded so important for urine isola-
tes, we determined high-level antibiotic resistance in 100 urine isolates 10 have
an idea about the frequency of this kind of resistance in this genus in Turkey
in the light of findings that urinary system is an importani eniry sile for enle-
rococcal bacteremia (5) and that no correlation was found between the clinical
specimens and enterococcal species isolated {1). Fifteen percent of our strains
were found to be highly-resistant to streptc.nycin, 11 % to gemtamicin, 5 % to
penicillin, 4 % 1o ampicillin and 1 % to amikacin, tobramycin and netilmicin.
When the combinations of aminoglycoside resistance are taken into considerati-
on, 11 sirains were found 1o be highly resistant only to streplomycin, 6 strains
only to gentamicin, 4 strains 1o both streptomycin and gentamicin, and 1 strain
to gentamicin, tobramycin, amikacin and netilmicin. Thus 22 % of our strains
were found to be highly resistant 1o at least one aminoglycoside. Two differeut
mechanisms are known for high-level aminoglycoside resistance: one is riboso-
mal resistance, the second one is enzymatic modification (16). Most of the cn-
terococci with high-level resistance 1o aminoglycosides are known 1o have
enzymatic type of resistance. The most frequenily encountered 1wo enzymes
modify either only streptomycin or gentamicin and other aminoglycosides ex-
cept streptomycin (13). For this reason there is a great confirmity between the
high-level gentamicin resistance and resistance Lo other aminoglycosides except
streplomycin. This is not the case (or our strains. Thus, our strains with high-
level aminoglycoside resistance need 1o be investigated for the resistance mec-
hanism. Hasgelik et al {10) reporied higher ratios of high-level resistance for
streplomycin and gentamicin in 20 strains isolated in Ankara in an Congress
abstract but their results were highly accordant with ours in their presentation
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when the number of strains were increased. Hascelik et al (9), in another pa-
per, reported high-level resistance in 12-24 % of E. faecalis strains to different
aminoglycosides. Eskitiirk et al (2) found 22 % high-level gentamicin resistan-
ce in 60 enterococcal isolates. These ratios for high-level resistance 1o aminog-
Iycosides in Turkey are lower than most of the ratios reported in other
countries. For example Watanakunakorn (21) reports that the first high-level
gentamicin resistant blood isolates of E. faecalis was seen in USA in 1985, and
the prevalence of such strains amounted to 9 % in 1985-8 and 1o 35 % in
1989-91, and 52 % of strains isolated in the last period had high-level resistan-
ce 10 at least one aminoglycoside. On the other hand Gray et al (6) reported
only 8.2 % high-level gentamicin resistance in E. faecalis strains with none in
other species.

Vancomycin is the most effective antibiotic for resistant Gram positive
coccl. In serious enterococcal infeciions, combination of a beta-lactam and an
aminoglycoside antibiotic is used due to the synergistic effects of these antibio-
tics. If the strain has high-level resistance to either bela-lactams or especially
aminoglycosides the synergy between these two groups of antibiotics disappe-
ars and vancomycin use should be considered. Unfortunately vancomycin resis-
fant strains from several Enterococcus species are reported. The plasmidal
nature of vancomycin resislance in some E. fazecium sirains and its conjugal
transfer to some ofher Gram posilive bacteria rise the frightening possibility of
dissemination of vancomycin resistance (20). For this reason vancomycin resis-
tance was searched in our strains. In disk diffusion tests, 8 sirains gave inhibi-
tion zones which should be indicalive for resistance but would be classified as
intermadiate if they were 1 mm wider. Then these strains were subjected to tu-
be dilution tesls with vancomycin and MIC values were obtained as 0.5 pg/ml
for 3 and 1 pg/ml for 3 strains, and they were not accepted as vancomycin re-
sistant. Up to date no vancomycin resistant Enferococcus strain was reporied in
this country (11,19).

Beta-lacltamase producing enterococcal isolates are also increasing in the
World *but none of our 100 isolates gave positive resulls by nitrocefin test
Strains isolated in Ankara were also found to be bela-lactamase negative (10).
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