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ABSTRACT

A total of 300 clinical isolates of enterococci, collected from patients admitted at Srinagarind

hospital, were investigated for antimicrobial resistance and species distribution.  Antimicrobial susceptibility

to 10 antimicrobial agents was performed by disc diffusion method.  Screening for vancomycin resistance

was performed by the agar plate method and minimal inhibitory concentration of vancomycin was

determined for vancomycin resistant strains by microbroth dilution method.  Enterococcus faecalis was

found to be predominant species (58.7%) followed by E. faecium (35.7%) and the rest species (5.7%)

including E. hirae, E. gallinarum, E. durans and E. dispar.  The isolates were resistant to penicillin (51.3%),

ampicillin (43.3%), high level gentamicin (57.7%), azithromycin (100%), chloramphenicol (16.3%),

doxycycline (48%), quinupristin/dalfopristin (53%) and linezolid (8%). None of the isolates were

resistant to teicoplanin.  Five (1.7%) strains were resistant to vancomycin.  The minimal inhibitory

concentrations of vancomycin for vancomycin-resistant enterococci strains were 16µg/ml. E. faecium

was more resistant to penicillin, ampicillin and high level gentamicin than E. faecalis. Two hundred and

seventy four (91.3%) strains showed multidrug resistance.  Our study showed low prevalence of

vancomycin resistance. However, there is a need to carry-out regular surveillance of antimicrobial

resistance of enterococci to monitor changes in their patterns to prevent the spreading of resistant

isolates.
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‡™◊ÈÕ·∫§∑’‡√’¬‡Õπ‡∑Õ‚√§Õ§§— ´÷Ëß·¬°‰¥â®“°ºŸâªÉ«¬‚√ßæ¬“∫“≈»√’π§√‘π∑√å ®”π«π 300  “¬æ—π∏ÿå

‰¥â∂Ÿ°π”¡“∑”°“√»÷°…“°“√¥◊ÈÕµàÕ¬“µâ“π®ÿ≈™’æ ·≈–°“√°√–®“¬ ªï™’ å¢Õß‡™◊ÈÕ„π ‘Ëß àßµ√«® °“√∑¥ Õ∫§«“¡‰«

µàÕ¬“µâ“π®ÿ≈™’æ 10 ™π‘¥ ∑”‚¥¬«‘∏’ disc diffusion  °“√µ√«®§—¥°√Õß‡™◊ÈÕ∑’Ë¥◊ÈÕµàÕ¬“ vancomycin ∑”‚¥¬„™â

Õ“À“√·¢Áß ·≈–π”‡™◊ÈÕ∑’Ë¥◊ÈÕ vancomycin ¡“À“§à“§«“¡‡¢â¡¢âπµË”∑’Ë ÿ¥¢Õß¬“ vancomycin ∑’Ë “¡“√∂¬—∫¬—Èß°“√

‡®√‘≠¢Õß‡™◊ÈÕ ‚¥¬«‘∏’ microbroth dilution  º≈°“√»÷°…“æ∫‡™◊ÈÕ Enterococcus  faecalis ¡“°∑’Ë ÿ¥ (√âÕ¬≈– 58.7)

√Õß≈ß¡“‰¥â·°à  E. faecium (√âÕ¬≈– 35.7)  à«π∑’Ë‡À≈◊ÕÕ’°  √âÕ¬≈–  5.7 ‰¥â·°à E. hirae,  E. gallinarum,

E. durans ·≈– E. dispar  ”À√—∫°“√¥◊ÈÕµàÕ¬“µâ“π®ÿ≈™’æ æ∫«à“‡™◊ÈÕ∑’Ë·¬°‰¥â¥◊ÈÕµàÕ¬“µâ“π®ÿ≈™’æµà“ßÊ ¥—ßπ’È

penicillin (√âÕ¬≈– 51.3) ampicillin(√âÕ¬≈– 43.3) gentamicin¢π“¥ Ÿß (√âÕ¬≈– 57.7) azithromycin (√âÕ¬≈–

100) chloramphenical (√âÕ¬≈– 16.3) doxycycline (√âÕ¬≈– 48) quinupristin/dalfopristin (√âÕ¬≈– 53) ·≈–

linezolid (√âÕ¬≈– 8)  ‰¡àæ∫°“√¥◊ÈÕµàÕ¬“ teicoplanin  ‡™◊ÈÕ®”π«π 5  “¬æ—π∏ÿå (√âÕ¬≈– 1.7) ¥◊ÈÕµàÕ¬“

vancomycin ‚¥¬¡’§à“§«“¡‡¢â¡¢âπµË”∑’Ë ÿ¥¢Õß¬“∑’Ë “¡“√∂¬—∫¬—Èß°“√‡®√‘≠‡µ‘∫‚µ¢Õß‡™◊ÈÕ‡∑à“°—∫ 16 ‰¡‚§√°√—¡

µàÕ¡‘≈≈‘≈‘µ√  ‡™◊ÈÕ E. faecium ¡’Õ—µ√“°“√¥◊ÈÕµàÕ¬“°≈ÿà¡ penicillin  ampicillin  ·≈– gentamicin ¢π“¥ Ÿß

¡“°°«à“‡™◊ÈÕ E. faecalis  πÕ°®“°π’È¬—ßæ∫«à“‡™◊ÈÕ®”π«π 274  “¬æ—π∏ÿå (√âÕ¬≈– 91.3)  ¥◊ÈÕµàÕ¬“µâ“π®ÿ≈™’æ

À≈“¬™π‘¥ ∂÷ß·¡â°“√»÷°…“§√—Èßπ’Èæ∫ §«“¡™ÿ°¢Õß‡™◊ÈÕ∑’Ë¥◊ÈÕµàÕ¬“ vancomycin „π√–¥—∫µË” ·µà°“√ ”√«®°“√¥◊ÈÕ

µàÕ¬“µâ“π®ÿ≈™’æ§«√∑”Õ¬à“ß ¡Ë”‡ ¡Õ‡æ◊ËÕµ‘¥µ“¡°“√‡ª≈’Ë¬π·ª≈ß√Ÿª·∫∫°“√¥◊ÈÕµàÕ¬“¢Õß‡™◊ÈÕ‡Õπ‡µÕ‚√

§Õ§§— ∑—Èßπ’È‡æ◊ËÕªÑÕß°—π°“√·æ√à°√–®“¬¢Õß “¬æ—π∏ÿå∑’Ë¥◊ÈÕ¬“
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Introduction

Enterococci are gram positive coccus and

facultative anaerobes that remain as normal flora in

human intestines (Murray, 1997). However,

enterococci are one of the focussed bacteria today

in causing nosocomial infections; urinary tract

infection, bacteriamia, intraabdominal infection,

wound infection, and endocarditis (Murray, 1997;

Moellering, 1992). E. faecalis is the most

predominant species implicated in human infections

and followed by E. faecium. Nevertheless, the

increasing frequency of latter is a matter of concern

as it is highly resistant to most of the available

antibiotics especially in clinical settings (Liassine

et al., 1998; Nelson et al., 2000; Sahm et al.,

1997).

The intrinsic and acquired antimicrobial

resistant properties of enterococci, to several

antibiotics, have enabled them to survive in

clinical environment (Arthur and Courvalin, 1993).

Enterococci acquire resistance to several available

antimicrobial agents by either mutation or by

receiving the foreign resistant determinants through

plasmids and transposons (Murray, 1990). The

combination of beta-lactams (penicillin or

ampicillin) with an aminoglycoside (gentamicin or

streptomycin) is used to obtain a synergistic

bactericidal effect for treatment of enterococcal
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infections. In the last two decades, enterococci have

emerged with an increasing frequency of multidrug

resistance including high-level resistance to

aminoglycosides and ampicillin (Huycke et al.,

1998; Grayson et al., 1991), thereby, limiting the

treatment options for enterococcal infections. The

glycopeptides (e.g. vancomycin) were the drug of

choice for treating infections caused by

multidrug-resistant enterococci. Vancomycin

resistant enterococci (VRE) have increased

commonly in Europe and North America (Jones et

al., 1997; Perlada et al., 1997; Schouten et al.,

2000). The problem is further concern by the fact

that resistance genes can potentially be transfer to

other pathogenic organisms such as Staphylococcus

aureus (Weigel et al., 2007).

However, the occurrence of enterococcal

infections and species prevalence in Thailand is not

thoroughly investigated. Recently low prevalence

of VRE has been reported at hospitals in central and

southern Thailand (Nilgate et al., 2003; Chayakul

et al., 2007).

The present study was undertaken to

investigate species distribution and antimicrobial

susceptibility of enterococci isolated from clinical

specimens at Srinagarind hospital, a university

hospital, in Northeastern Thailand.

Materials and Methods

1.  Bacterial isolates

A total of three hundred enterococci were

isolated from patients admitted at Srinagarind

Hospital, Faculty of Medicine, Khon Kaen,

Thailand. The bacterial strains were isolated from

pus, body fluids, urine, and blood collected from

June 2005 to July 2007. The bacterial strains were

stored in BHI broth containing 20% glycerol

at - 80o C until the time of analysis.

2. Identification of enterococcal species

The genus enterococcus was identified by

the following physiological and biochemical

characteristics; Gram positive cocci, catalase-

negative, tolerance to bile esculin, hydrolysis of

L-pyrrolidonyl-b-napthylamide (PYR test) and

growth in 6.5% sodium chloride. The conventional

method (Facklam and Collins, 1989) was followed

for the species identification of the isolates based

on the sugar fermentation (arabinose, raffinose,

lactose, mannitol, sorbose, sucrose, sorbitol),

pigmentation and motility. Arginine hydrolysis and

pyruvate utilization were also included among the

various reactions. Some of the strains were further

identified by API 20 Strep kit and the soft ware

supplied by the manufacturer (Biomerieux).

3. Antimicrobial susceptibility test

Disc diffusion method using Mueller-

Hinton agar was used to detect antimicrobial

susceptibility pattern of the isolates. Isolates were

grown overnight on 5% sheep blood agar plate at

37o C. Inocula were prepared by suspending the

organisms in sterile normal saline solution adjusted

to a 0.5 McFarland standard (approximately 108

CFU/ml) and were directly inoculated onto Mueller

Hinton agar plate. The following antibiotic discs

were used; ampicillin (10µg), penicillin (10 units),

azithromycin (15µg), doxycycline (30µg),

chloramphenicol (30µg), vancomycin (5µg),

teicoplanin (30µg), quinupristin/dalfopristin

(15µg), linezolide (10µg) and gentamicin

(120µg). High-level aminoglycoside resistance was
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determined by disc diffusion method using 120 µg

of gentamicin. The inhibition zone diameters were

recorded and interpreted by using the criteria of

British Society for Antimicrobial and Chemotherapy

(BSAC) (Andrew, 2007) and Clinical and

Laboratory Standards Institute (CLSI 2006).

In this study, multiple drug resistance was

defined as resistance to three or more antibiotics

(Hujer et al., 2005).

The control strains for sensitive and

resistant to vancomycin were E. faecalis ATCC

29212 and E. faecalis KU 1857, respectively.

4. VRE detection

Vancomycin resistance was detected by

a screening agar containing vancomycin 6µg/ml

(Swenson et al., 1994). The inoculum, grown in

BHI broth at 37 oC for 6 hours, was compared with

0.5 Mc Farland standard and 10 µl of the inoculum

was used to spot on Brain heart infusion agar

containing 6µg/ml vancomycin and incubated

at 37 oC for 24 hours. Minimal inhibitory

concentrations (MIC) of vancomycin were

determined for VRE by microbroth dilution method

using Mueller Hinton broth. The MIC breakpoint

of > 8µg/ml for vancomycin resistance was adopted

according to BSAC (2007). E. faecalis KU 1857

(vanB) and E. faecalis ATCC 29212 were used as

control strains.

5. Statistical Analysis

Chi-square was used to compare the

differences in resistance to antibiotics among the

enterococcal species. A P value of <0.05 was used

to indicate significant differences.

Results

Species distribution

The distribution of isolates among all the

clinical specimens is given in Table 1. Of all the

300 isolates: 180 (60%) strains were isolated from

urine; 57 (19.3%) from pus; 45 (15%) from body

fluids; and 17 (5.7%) from blood (Table 1).

E. faecalis (58.7%) was the most common species

isolated from the clinical samples followed by

E. faecium (35.7%). The other enterococcus

species (5.7%) comprise of E. hirae (3%),

E. gallinarum (1.7%), E. durans (0.3%) and

E. dispar (0.7%). The 17 isolates of the unusual

species were from various clinical specimens

including blood (5.9%), body fluid (11.1%),

pus (5.1%) and urine (4.4%)

Antimicrobial resistance

Antimicrobial resistance patterns of the

isolates are showed in Table 2.  One hundred and

fifty four (51.3%) and 130 (43.3%) of the

isolates were resistant to penicillin and ampicillin,

respectively. Resistance to penicillin and ampicillin

among E. faecium isolates was significantly higher

(P value <0.05) than E. faecalis isolates.  The rates

of resistance to penicillin and ampicillin were

different in 24 enterococcal isolates including 19

E. faecalis, 3 E. faecium and 2 E. dispar. All such

isolates were resistant to penicillin but susceptible

to ampicillin.

High-level gentamicin resistance (HLGR)

was detected in 173 (57.7%) of the isolates (Table

2). E. faecium showed higher resistance rate to

high-level gentamicin (76.6%) than E. faecalis

(50%). Other enterococci accounted only 17.6%.
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The resistance patterns of HLGR strains are showed

in Table 3. Out of 173 high-level gentamicin

resistant strains, 72.3% and 61.8% were found to

be resistant to penicillin and ampicillin respectively.

E. faecium with HLGR showed higher resistance to

penicillin and ampicillin than E. faecalis, while

E. faecalis isolates were higher resistance to

chloramphenicol, linezolid, doxycycline and

quinupristin/dalfopristin than E. faecium (Table3).

The high-level gentamicin resistant strains were

mostly isolated from urine (69.9%). The data is

not shown. All HLGR isolates were found to be

multi-drug resistance. The most multiple-drug

resistant profile was the resistance to penicillin,

ampicillin, azithromycin and doxycycline (46.8%).

The data is not shown.

All the isolates were resistant to

azithromycin (100%) followed by quinupristin/

dalfopristin (53%) and to doxycycline (48%). Only

16.3% of the isolates were resistant to

chloramphenicol. No isolates were found resistant

to teicoplanin.

Thirteen isolates were resistant to

vancomycin according to criteria of BSAC for

detection by disc diffusion method but only five

vancomycin resistant strains grew in the screening

media containing vancomycin 6µg/ml.

Vancomycin MICs of all five strains were 16µg/ml.

The rest eight strains, detected by disc diffusion

method, exhibited MICs lower than 4µg/ml

(Table 4). Therefore, only 5 isolates were

considered to be VRE. All VRE strains were

E. gallinarum.  Four VRE strains were isolated from

body fluids and one from blood (Table 4). All the

VRE isolates were susceptible to teicoplanin,

chloramphenicol, penicillin, ampicillin and

high-level gentamicin. They were resistant to

azithromycin. Four, out of five vancomycin resistant

isolates, were intermediately resistant to combination

of quinupristin and dalfopristin, and one was fully

resistant to this drug. Similarly, two out of five VRE

were intermediately resistant to doxycycline and

rest was sensitive.

The isolates were also tested for their

susceptibility to linezolid, a relatively new drug that

has been reported to have activity against

gram-positive cocci, including methicillin-

resistant S. aureus and VRE. Eight percent of the

isolates were detected resistant to linezolid.

Two hundred and seventy four (91.3%)

strains showed multidrug resistance to at least

three classes of antibiotics.

Table 1  Distribution and species identities of Enterococci from clinical specimens
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Table 2  Antimicrobial resistance patterms of Enterococcus species tested by Disc diffusion method

Table 3  Resistance profile of high-level gentamicin resistant (HLGR) Enterococcus
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Discussion

Enterococci are the gram positive cocci that

have been considered normal flora in human

gastrointestinal tracts. However, several recent

studies have reported increasing enterococcal

associated nosocomial infections (Moellering, 1992;

Jones et al., 1997; Nelson et al., 2000).

Therefore, it is important for a hospital setting to

monitor such infections and to determine their

species and antimicrobial resistance patterns. This

study investigated the species prevalence and

antibacterial-resistance patterns of clinical

enterococcal isolates in a university hospital.

The most frequent source of enterococcal

isolations in this study was urine (60%), which is

consistent with the previous reports (Huycke et al.,

1998; Kacmaz and Aksoy, 2005). The majority

of the clinical isolates were E. faecalis (58.7%),

followed by E. faecium (35.7%), while other

Enterococcus spp. accounted for 5.7% of isolates,

comparable to the distribution of species in previous

studies (Perlada et al., 1997; Udo et al., 2003;

Kacmaz and Aksoy, 2005; Aleyasin et al., 2007).

However, unlike those studies, our proportion of

E. faecium strains was higher than those reported

previously. The prevalence of E. faecium in our

study (35.7%) was comparable to the prevalence

of E. faecium in Siriraj Hospital (38.8%)

(Srifuengfung et al., 2004) but higher than the

prevalence of E. faecium reported in Songklanakarind

Hospital (12.2%) (Chayakul et al., 2007). This

finding is of clinical importance since E. faecium is

often more resistant than E. faecalis, thus limiting

the therapeutic options. Previous studies have

indicated an increasing incidence of enterococcal

infections in tertiary care teaching hospitals, often

accompanied by a high proportion of E. faecium

isolates. (Huycke et al., 1998; Nelson et al., 2000;

Vindigni et al., 2007)

Penicillin or ampicillin along with

gentamicin is the drug of choice for treatment of

enterococcal infections. Therefore, resistance of

Enterococci against these antibiotics has important

clinical implications. The decreased affinity of

penicillin-binding proteins and some strains with

plasmid-mediated β-lactamases have been

responsible for the resistance to penicillin or

ampicillin (Kak and Chow, 2002). Overall, in the

present study, Enterococcus species were resistant

to penicillin and ampicillin, 51.3% and 43.3%,

Table 4  VRE resistant profile, species distribution and vancomycin MICs
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respectively. Twenty four isolates (8%) were

resistant to penicillin but susceptible to ampicillin

similar to the data obtained in the earlier study

(Miskeen and Deodhar, 2002). In this study,

E. faecium had higher (p<0.05) frequency of

resistance to penicillin (97.9%) and ampicillin

(94.7%) than E. faecalis (30.4%, 21.2%,

respectively). Our results are consistent with other

studies (Busani et al., 2004; Srifuengfung et al.,

2004; Kacmaz and Aksoy, 2005; Vindigni et al.,

2007).

High-level-gentamicin resistant

enterococci were first reported in 1979 (Herman

and Gerding, 1991). Ribosomal resistance and

aminoglycoside modifying enzymes are the two

mechanisms responsible for the aminoglycoside

resistance by enterococci (Eliopoulos et al., 1993).

Efflux pumps have been held responsible for

resistance against some drugs like chloramphenicol,

tetracycline and norfloxacin (Lynch et al., 1997).

Subsequently, multidrug resistance efflux pumps

have been suggested to be responsible for multidrug

resistance in E. faecalis (Jonas et al., 2001). In

addition, impairment in gentamicin uptake has been

experimentally identified as one of the mechanisms

of gentamicin resistance in Enterococci (Aslangul

et al., 2006)

In our study, E. faecalis accounted 50%

whereas E. faecium revealed 76.6% resistance to

high-level gentamicin. This was lower than in

India, where 100% and 85.7 % for E. faecalis and

E. faecium respectively were reported (Karmarker

et al., 2004). Our result is also contrary to the one

reported in Turkey (Kacmaz, Aksoy, 2005), where

E. faecalis accounted 16% resistance and E. faecium

accounted 88%. Moreover, 61.8% of the total

high-level gentamicin resistant strains showed

resistance to both penicillin and ampicillin signifying

poor efficacy of combination therapy at least in this

hospital, and this is a serious concern in the

treatment of enterococcal infections.

All the HLGR strains were found to be

multi-drug resistant. The most multiple-drug

resistant profile was the resistance to penicillin,

ampicillin, azithromycin and doxycycline. Multidrug

resistance efflux pumps may have a role in multidrug

resistance, particularly in high-level gentamicin

resistant enterococci, in our study.

Chloramphenicol resistance was found only

16.3%, suggesting its possible role in VRE

infection (Lautenbach et al, 1998).

Among all the drugs tested in this study,

teicoplanin and linezolid demonstrated good

anti-enterococcal activities.

All the strains in this study were resistant

to azithromycin. Busani and his colleagues also

reported 100% resistance by E. faecium and 79%

by E. faecalis to macrolide in their study in Italy

(Busani et al., 2004). Ribosomal modification is

the most common resistance mechanism (Jensen et

al., 1999) to macrolide. Multidrug resistance efflux

pumps, ABC16 (Jonas et al., 2001) have been

reported as another resistance  mechanism.  In this

study, the later mechanism seems to be the most

plausible way of resistance since all the strains

exhibited resistance to other drugs along with

azithromycin.

Glycopeptides, especially vancomycin and

teicoplanin, are the last resort drugs for the

multiple-resistant enterococcal infections. Although

resistance against these drugs have been reported in

many parts of the world (Jones et al., 1997; Perlada

et al., 1997; Schouten et al., 2000), it is still not

frequently isolated in Thailand (Nilgate et al., 2003;

Chayakul et al., 2007).
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In our study, only 1.7% strains were

resistant to vancomycin and this was similar to

previous studies (Kacmaz and Aksoy, 2005; Udo

et al., 2003; Karmarkar et al., 2004) but,

contrary to the situation in most hospitals in the

USA (Jones et al., 1997; Perlada et al., 1997)

and Europe (Nelson et al., 2000; Schouten et al.,

2000) where high prevalence of vancomycin

resistance is common. Majority of VRE strains were

isolated from body fluids and only one from blood.

All the VRE strains in this study showed low level

vancomycin resistance and were not resistant to

teicoplanin. They were susceptible to chloramphenicol,

teicoplanin, high-level gentamicin, penicillin and

ampicillin. This implies that the combination  therapy

of high-level gentamicin and beta-lactam agents

remains effective against these VRE infections. The

low prevalence of VRE in our study indicates that

vancomycin retains its therapeutic efficacy against

the majority of enterococci in this hospital.

Quinupristin-dalfopristin is almost

ineffective to E. faecalis (Gilmore, 2002; Maschieto

et al., 2004). In our study, 81.3% of E. faecalis

and 12.1% of E faecium showed resistance to this

agent. This result was in concordance with the one

reported from Korea (Oh et al., 2005).  Our result

indicates that these drugs do not assure their

efficacy against enterococcal infections in this

hospital, where most of enterococcal isolates were

E. faecalis.

Linezolid, being the newer drug, our study

showed 8% of strains resistant to this drug.

E. faecalis (10.2%) was found to be more resistant

than E. faecium (3.7%). This result was contrary

to the one reported in Iran, (Aleyasin et al., 2007)

where all the isolates tested were susceptible to

linezolid.

Since most of the strains revealed multidrug

resistance, intensive selective pressure from

antimicrobial usage in the hospital has been

proposed to be the major causative mechanism for

developing resistance. Interestingly, all these strains

were susceptible to vancomycin. E. faecium was

more resistant to commonly used antibiotics than

other enterococcal species.

Overall, this study revealed E. faecalis as

the most common species among the clinical

isolates of enterococci in Srinagarind hospital.

E. faecium was isolated considerably in higher

percentage than other studies. Teicoplanin was found

to be the most effective amongst the drugs tested

for the enterococcal infections in this study

followed by vancomycin, linezolid and chloram-

phenicol. This study also showed low prevalence of

vancomycin-resistant enterococci but high

prevalence of multidrug resistant strains and

high-level gentamicin resistant strains. Therefore,

there is a need for development of effective

strategies to address the problem of multidrug

resistance.  However, determination of MIC of

every drug for each strain is needed to reconfirm

and compare the susceptibility patterns. Speciation

of Enterococcus needs to be carried out in clinical

diagnostic microbiology laboratory of this hospital

in order to determine species-specific drug

resistance profile. Eventually, the information

derived from this analysis would be helpful in

formulation local guideline for early treatment of

enterococcal infections. It is also equally essential

to conduct periodical surveillance of enterococci to

monitor changes in the antimicrobial resistance

patterns and to prevent spread of resistant isolates.
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