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ABSTRACT

The gastrointestinal tract carriage of enterococci was searched in 150 hospitalized patients and 100 oufpa-

tients, and clonal relatedness of the isolates and their resistance to ampicillin, vancomycin, and high-level

streptomycin and gentamicin were investigated. A stool sample or rectal swab collected from each patient was

inoculated into appropriate media within an hour. Enferococcus species were identified by using conventional

biochemical tests, API-20 Strep assay, and BBL crystal kit. Antibiotic susceptibility tests xvere,i)e;formed us-

ing Kirby-Bauer disk diffusion method. A polymerase chain reaction (PCR) was used to detect vanA and:vanB

genes. Pulsed-field gel electrophoresis (PFGE) and ‘arbitrarily primed-polymerase chain réaction (AP-PCR)

methods were used for molecular typing of the strains. Enterococci were isolated from 90 (60%) of the spec-

imens collected from 150 inpatients. Of these 90 isolates, 37 (41%) had high-level gentamicin resistance, 36

(40%) had high-level streptomycin resistance, and 50 (55.6%) had ampicillin resistance. Fecal colonization
was found in 30% of the outpatients. Resistances to ampicillin, high-level streptomycin and antamicin-were
13%, 10%, and 3%, in these patients’ isolates, respectively. No vancomycin-resistant"enterococci-w'e'r,e de-
tected by both agar diffusion and PCR assays in our study. Both typing: procedures were applied on 78 En-
terococcus strains isolated from inpatients. AP-PCR typing showed that 30 (50.8%) of the 59 E. faecium and
5 (50%) of the 10 E. faecalis strains were clonally related. These values were found to be 12 (20.3%) and two
(20%) by PFGE, respectively. The typing procedures did not find any clustered strains in the six E. durans
and three E. avium isolates. Neither PEGE nor AP-PCR result was significantly different among the sensitive
and resistant strains. Our results indicate that the high prevalence of colonization with ampicillin and high-
level aminoglycoside-resistant enterococci is an important problem in our medical center. The high clonal di-
versity among the isolates indicates limited spread of antibiotic-resistant strains between patients.

INTRODUCTION

crobial agents, while some express acquired resistance through

ENTEROCOCCI, which are normal residents of the human gas-
trointestinal tract. cause wrinary tract infections, bac-
teremia. endocarditis, intraabdominal and pelvic infections,
wound and soft tissue infections, and neonatal sepsis.!® The
source of the enterococcal infections is usually endogenous, '

These bacteria are resistant to many antibiotics used for the
treatment of infections caused by gram-positive microorgan-
isms.!® They are intrinsically resistant to a majority of antimi-

plasmids, transposons. and chromosomal modification, 2
Aminoglycosides are critical components of the combination
therapy of enterococcal infections with penicillin, ampicillin.
or one of the glycopeptides.*?? Aminoglycoside resistance oc-
curs mainly through different aminoglycoside modifying en-
zymes, and gentamicin resistance is a good predictor of resis-
tance to other aminoglycosides except streptomycin. The major
raechanism in developing resistance to beta lactam antibiotics
is the production of low-affinity penicillin-binding proteins.?
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Vancomycin, linezolid, quinupristin/dalfopristin. and dapto-
mycin are used for the treatment of severe infections caused by
multi-drug-resistant enterococci. However, resistance to van-
comycin has begun to spread among enterococci since the first
viancomycin-resistant enterococei (VRE) had been isolated in
England in 1986.3.10-26.28

Enterococci colonized in the gastrointestinal tract of hospi-
talized patients play an important role in nosocomial infec-
tions.'* The spread of infections caused by resistant strains was
mainly due to the existence of unrecognized silent carriage. en-
vironmental contamination, transfer of colonized patients
among hospitals, and ineffective precautions regarding hand
washing.'® Typing of the strains isolated the infectious agent.
In this way, more effective control measures can be improved.

This study was done to detect vancomycin, ampicillin, and
high-level aminoglycoside resistance rate of enterococci colo-
nized in the gastrointestinal tract of patients in high-risk wards
of our hospital and to determine the clonal relatedness among
the isolates.

MATERIALS AND METHODS

Study groups

This study was performed on 150 ihpatienis and 100 outpa-

tients at [nonu University, Turgut Ozal Medical Center, from
October 2001 to April 2002. The samples were collected from -
inpatients hospitalized at Jedst for I week and fiom outpatlents ;
on admitted days. Fifty of the inpatients and outpatients were

in the pediatric age group, whereas the othérs were in the adult
age group. Of the inpatients, 32 were in the intensive care unit,

18 were in hematology- onco]ogy, 14 were in:gastroenterology, - -
17 were in cardiovascular surgery, 19 were in “brthopedic, ,md._.v.i

50 were in pediatric wards.

Age and gender of the patients, dumnon of hospltdhmtlon,
underlying diseases such as diabetes me]luus and malignancy,
gastrointestinal manipulations (colonoxcopy endoscopy. en-

teral teeding, xleostomy and colostomy), the existence of diar-
rhea. used antibiotics, and the duration of” antibiotherapy were
recorded in follow-up forms.

Isolation and identification of Enterococci

The stool samples and rectal swabs were inoculated into me-
dia within 1 h. For agar screen test, Campylobacter agar con-
taining 5% sheep blood and 10 pg/ml vancomycin, Campy-
lobacter agar containing 5% sheep blood and 8 pg/ml ampicillin,
and blood agar plates without antibiotic were used.!? After in-
cubation at 35°C for 24 h. a presumptive identification of the En-
ferococcus species was made on the basis of colony morphol-
ogy. Gram stain, catalase test. hydrolyze esculin in the presence
of 40% bile saits, and growth in broth containing 6.5% NaCl.
Defimitive identification was done by the API-20 Strep assay (Bio
Merieux, France) and BBL Crystal kit (gram-positive ID system,
Becton Dickinson Microbiology Systems. France).

Antibiotic susceptibility testing

All isolates were tested for vancomycin (30 pg). ampicillin
(10 pg). high-level gentamicin (120 ug). and high-level strep-

.ucts were, electrophoresed, by 1.5%
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tomycin (300 pg) resistance by disk diffusion according to the
criteria of the National Committee for Clinical Laboratory Stan-
dards (NCCLS).?! Aminoglycoside disks were obtained from
Bioanalyse company (Ankara, Turkey); others were Oxoid (Ox-
oid, Ltd., Hamshire, YK). Minimal inhibitory concentrations
(MICs) of ampicillin with concentrations ranging from 2 to 64
ug/mland B-lactamase;activity were assessed for all ampicillin-
resistant isolates that were not E. faecium. The strains having
a MIC value of 216 pg/ml were confirmed as ampicillin re-
sistant.?!

PCR for assessing glycopeptides resistance

A PCR assay described by Dutka-Malen et al.® was used to
simultaneously amplity vand and vanB genes in the 78 isolates
having available stock culture. DNA isolation by using
lysozyme and proteinase K, and extraction were performed by
following the protocol of Welsh and McClelland.* DNA con-
centration was measured by UV absorbance at A»gy. PCR was
performed in a total volume of 50 ul containing 200 ng of DNA;
50 pmol of each oligodeoxynucleotide primer (primer Al and
A2 for vanA, B and B2 for vanB gene); 250 pmol (each) de-
oxynucleoside triphosphates: 4 mM MgCly; 2 U of Tag DNA
polymerase;and 5 ul of 10 X amplification buffer. Amplifica-
tion was peiformed with MJ Research PTC-200 Peltier thermal
cycler by using the following profile: 1 cycle for 94°C for 2

-min, and 30 cycles of 94°C for | min, 54°C for | min, and 72°C

for 2 min and a final extension at 72°C for 10 min. PCR prod-
? agarose gel with ethidium
bxomxde Expeuted PCR' products were 732 base pair (bp) for
vanA gene and 635 bp for vanB gene.S DNA samples prepared
from E. faecinm NCTC 12202 and E. faecalis ATCC 51299

' were med as pcmme Lontml for vunA and me gene respec- -

“Molecular typing of the strains

) APPC R andPFGEtypmg studies were performed on a to-
tal of 78 Enterococm isolated from inpatients. These isolates

“included 59 Enrerococcus faecium, 10 E. faecalis, six E. du-
“rans, and three E: avium strains. Stock cultures were not avail-

able for 12 strains.

Arbitrarily primed polymerase chain reaction (AP-PCR). To-
tal DNA was prepared by following the protocol of Welsh and
McClelland.* AP-PCR optimized previously” was performed
with M13 primer (5-GAG GGT GGC GGT TCT-3"). Amplifi-
cation products were electrophoresed by 1.5% agarose gel with
ethidium bromide and were visualized under UV illumination.
The band pattems of the strains were analyzed with GelCompar
software (version 3.0: Applied Maths, Sint-Martens-Latem, Bel-
gium). Dice coefficients of similarity were calculated for every
pair of isolates. Strains with a similarity coefficient value of
=270% were grouped in a cluster. The isolates with a similarity
coetficient of 290% were evaluated as the same type, those hav-
ing a similarity coefficient of Z70% and <90% were classified
as a subtype. and the isolates showing a similarity coetticient of
<70% were identified as a different genotype.!

Pulsed field gel electrophoresis of genomic DNA. Isolation
and deproteinization of the genomic DNA were done by fol-
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lowing the protocol of Elliott et al.® with the modification that
lysostaphin (5 U/ml) was used instead of mutanolysin. The ge-
nomic DNA in the plugs was incubated with 24 U of Smal

(Promega Corp., USA) tor 24 h at 25°C in a water bath. DNA .

fragments were separated on 1% agarose gels run in 0.5X Tris-
borate-EDTA buffer by using a CHEF-DR 1I system (Bio-Rad
Laboratories, Nazareth, Belgium). The electrophoresis condi-
tions were 14°C at 6 V/em for 24 h, The initial and final switch
times were 5 and 40 sec, respectively. The gel was stained with
ethidium bromide and photographed under UV light. The fin-
gerprinting patterns of the strains were analyzed with Gel-
Compar software (version 3.0; Applied Maths, Sint-Martens-
Latem, Belgium), and a dendrogram was formed. The results
were evaluated according to the interpretative criteria for DNA
restriction patterns of Tenover et al.”’

Statistical analysis

Statistical analysis was performed using the Epi-Info 2002
package version 6.0 (Centers for Disease Control and Preven-
tion, Atlanta, GA). x? test was used to analyze the rates of car-

riage, resistance of the isolates from inpatients and outpatients, .

and risk factors. A p value of <
cant.

<().05 was considered sxgmﬁ-

RESULTS

Enterococcal straing were m)luted fxom 90 (60 %) of the spec»‘ k

imens collected from 150 inpatients. Forty percent of the straing
were isolated from pediatric ward, 20% from intensive care urnit,
and the remaining 40% from other wards (9% from hematol-

ogy-oncology, 12% from gastroenterology, 9% from carcho~ ’

vascular surgery, and 10% from-orthopedic ward): Of the 90
enterococci identified, 64 (71. 1%) were E. faecium, 15 (16. 7%)

were E. faecalis, seven (7.8%) were E. durans. and’ four (4.4% )

were E. avium, Of the 44 enterococcal strains 1sol'1ted in°50 pe-

diatric patients, 31 (70.4%) were E. faecium, elght (18.2%) E. -

faecalis, three (6.8%) E. avium, and two (4.5%) E. durans,
while of 46 enterococcal “strains isolated from 100 adult. pa-
tients, 33 (71.7%) were E. faecium, seven (15.2%) were E. fae-
calis, five (10.9%) were E. durans, and one (2.2%) was E.
avium. Enterococcal strains were isolated in the 30 (30%) spec-
imens of the outpatients. Twenty-one (70%) of these strains
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were identitied (o be_E. faecium, while 9 (30%) were E. fue-
culis. s

Agar ditfusion assay did not detect vancomycin-resistant en-
terococci amang the isolates tested. Although vanA and vanB
zenes were successfully amplified in DNA samples of the con-
trol strains, all clinical isolates yielded a negative result for vanA
and vanB gene. The rates of the resistance to ampicillin and
aminoglycosides of the 90 enterococci isolated from hospital-
ized patients are shown in Table |. All strains with high-level
aminoglycoside resistance were also resistant to ampicillin.
MICs and B-lactamase tests performed for one E. fuecalis. three
E. durans, and two E. aviim isolates that were resistant to ampi-
cillin showed that all isolates were B-lactamase producers and
had ampicillin MICs of 216 pg/ml. Ampicillin and high-level
gentamicin and streptomycin resistances were found to be 13%,
3%, and 10% in the isolates of outpatients. respectively. There
were statistically significant difterences regarding enterococcal
colonization and the rates of ampicillin and high-level amino-
glycoside resistance between the isolates of two groups (p <

© 0.05).

Eighty-eight percent of the inpatients from which enterococci
were isolated had a history of antibiotic usage during their cur-
rent hospitalization, and 49% of these patients had taken an-
tibiotics for more than 10 days. Of the carrier of the inpatients,

* 74% had hospitalization for at least 2 weeks. There was no si g-
‘nificant difference between the patients having high-level

aminoglycosides and ampicillin resistance, and those patients

‘w1thout resistance with regacd to risk factors such as dlabetes
“mali ignancy,’ chemotherapy

. doxwpy colonoscopy, duration of stay in intensive care unit,

the existence of dlaxrhea en- -

and previous antibiotic usage.

Both typing procedures were applied on 78 Enrerococum
strains. PFGE yielded a total of 56 different patterns among

the- 59 E. faecéium isolates. This procedure found that six -

(10 ”%) of the isolates were clustered in three groups (each’
clustér had two isolates), four (6.8%) were closely related, two *
(3.4%) were possibly related, and 47 isolates (79.7%) were
clonally unrelated. PFGE performed on 10 E. fuecalis strains
did not find any strain that was clustered or possibly related,
but two of the strains were closely related. Fifty-four AP-PCR
banding patterns were obtained among the 59 E. faecium iso-
lates. PCR-based typing showed that 14 (23.7%) of the iso-
lates had similarity coefficients of =90%, 16 (27.1%) had sim-
ilarity coefficients of 70-90%. and 29 (49.2%) were ditferent.

RATES OF AMINOGLYCOSIDES AND AMP!CILLIN RESISTANCE IN THE [SOLATES OF HOSPITALIZED PATIENTS

Antimicrobial/No. (n) of resistant isolates and their percentages (%)

Gentamicin (120 ug)

Streptomycin (300 pg) Ampicillin (10 pg)

n % n % n %
Enterococcus species (1)
E. faccium (64) 34 33 33 52 44 69
E. faecalis (15) 2 13.3 1 6.7 | 6.7
E. durans (7) 1 14.3 [ 14.3 3 42.9
E. avium (4) 0 0 1 25 2 50
Total (90) ) 37 41,1 36 40 50 55.6
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A dendrogram showing clonal relatedness among the 59 E. faecium and 10 E. faecalis strains. (A1) E. faecium. (A2)

L. faecalis results of AP-PCR. (B1) E. faecium. (B2) E. faecalis results of PFGE. S. susceptible: R, resistant; AMG, aminogly-
cosides; AMP. ampicillin; P, pediatric ward; H, hematology-oncology; G, gﬂuoenterolocy O. orthopedic ward; gk. cardiovas-
cular surgery; C. surgical intensive care unit, D, internal intensive care unit. (Conrinued on p. 163)

AP-PCR revealed that two of the 10 E. faecalis strains were
identical. and three were classitied as subtypes. In total, 30
(50.8%) of the 59 E. fueciwm and tive (30%) of the 10 E. fae-
calis strains were found clonally related with AP-PCR typing.

These values were found to be 12 (20.3%) and two (20%) by
PFGE. respectively. Figure 1 provides dendrograms showing
clonal relatedness among L. fueciun and E. faecalis strains
by AP-PCR and PFGE. Both typing procedures did not find
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any clustered strains in the six E. durans and three E. avium
isolates.

Comparison of the clustering rates of the isolates resistant
to high-level aminoglycosides and of the ampicillin to those
of the susceptible groups showed that neither PRGE nor the
AP-PCR result was significantly different among the suscep-
tible and resistant strains. According to the results of PFGE.
only three of the 40 E. faecium strains that were resistant to

high-level aminoglycoside were in three clusters which were

shared by a susceptible isolate. The highest clustering rates
were found among the strains isolated from pediatric ward.
Six of the eight identical 'strains defingd by, AP-PCR and four
of the six strains clustered by PFGE were among the pedntnc
isolates.

DISCUSSION

Fecal colonization is the most common source of entero-’

coccal infections.?® The use of antibiotics such as penicillin,
third generation cephalosporins, and quinolones as well as pro-
longed hospitalization increase the colonization and resistance
of enterococci.!!?? In agreement with this data, we found that
the colonization rate was signiftcantly higher in inpatients than
in outpatients (60% versus 30%, respectively; p < 0.05).
High-level aminoglycoside-resistant E. faecalis and E. fae-
cium strains are increasingly encountered throughout the
world. European SENTRY Antimicrobial Surveillance pro-
gram tound that high-level gentamicin resistance was 38.7%
in enterococcal strains, and resistant strains were commonly
identified in Belgium, France, Greece, Italy. Poland, Portu-
gal, and Spain. In E. faecium isolates, high-level gentamicin
resistance was found to be 22% and streptomycin resistance
was 49%. while in E. fuecalis isolates these values were 32%
and 41%. respectively.?* High-level gentamicin resistance
had been detected in 40% and 25% of E. faecalis and E. fue-
cium strains isolated at intensive care units of 23 hospitals in
the United Kingdom.'? In the studies conducted in Turkey,
it was found that high-level gentamicin and streptomycin re-
sistances was 21-67.6% and 19-38.2% in E. faecium strains.
respectively, while these rates for E. faecalis strains were
11-42.7% and 20-42.7%.5'% The :high-level - gentamicin
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(continued)

(41%) and streptomycin (36%) resistances found in the cur-
rent study were more than those of European countries and
were in the upper values detected in Turkey. The fact that
more than half of the strains showed ampicillin resistance is
an important point that should be investigated further in our
hospital.

Fecal colonization of vancomycin-resistant enterococci
(VRE) in European countries is as low as 1.4%.225 VRE iso-
lation in Turkey is rather low just like the results in Burope.?
Similar to these data. no vancomycin resistance was detected
in enterococcal strains isolated in our study.

*Molecular typmg studies providing information about the
clonal relationship among the isolates have been widely used
to improve strategies to prevent spread of antibiotic-resistant
bacteria. PFGE typing performed on the strains collected from
the hospitals in Norway had found that Ampxullmﬂesmr,.m‘:
“ind/or high-lével gentamicin-resistant strains were élustered in
larger group, while susceptible isolates were genetically more
diversified.!2!5 Contrary to these results, the clustering rates
found between ampicillin-resistant and high-level aminoglyco-
side-resistant strains were not significantly different from the
susceptible ones in our study.

We found that, in total, 14 (17.9%) and 35 (44.9%) of the
78 Enterococcits isolates typed by PFGE and AP-PCR were
clonally related, respectively. Both typing procedures indicate
that spread of Enterococcus strains is common among the pe-
diatric patients, and more effective control precautions are nec-
essary for protection of these critical groups. The comparison
of both typing procedures showed that 80% of the strains de-
fined as clonally related by PFGE had also related AP-PCR pro-
files; however, 71.4% of the strains defined in the same AP-
PCR profile were found unique by PFGE. From these results,
it can be suggested that. although AP-PCR typing is cheaper,
easier, and more rapid than PFGE, it cannot be used alone to
find clonal relationships among the Enferococcus species col-
lected in prolonged period.

Our findings of the high genetic diversity among the en-
terococcal iselates suggest the dissemination of a limited
number of resistant strains between the patients in our hos-
pital. A restrictive antibiotic prescription practice and uni-
versal precautions may be eftective in limiting the spread of
high-level aminoglycoside-resistunt and ampicillin-resistant
enterococci.
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