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ABSTRACT 

BACKGROUND 

The present prospective study has been undertaken to study the species of Enterococcal isolates from various clinical samples in a 

tertiary care hospital and to determine their antimicrobial susceptibility pattern including MIC for vancomycin. 

 

MATERIALS AND METHODS 

A total of 70 enterococcal isolates obtained from various clinical samples were included in the study and processed according to 

standard protocol and speciation was done based on Facklam’s conventional method. Antibacterial susceptibility pattern was 

determined by Kirby Bauer disc diffusion method with recommended drugs including high level gentamicin resistance. Minimum 

inhibitory concentration for vancomycin was done by agar dilution method. 

 

RESULTS 

Among the 70 Enterococcus isolates, 40 (58.3%) were E. faecalis, 27 (36.6%) E. faecium, and 3 (5%) belonged to other Enterococcus 

species. (2 isolates of E. durans and one was E. avium). As compared to E. faecalis, resistance amongst E. faecium isolates was higher 

than to most of the antibiotics tested and it was found to be statistically significant for ampicillin, nitrofurantoin and vancomycin. 

However, tetracycline resistance was found to be higher in E. faecalis isolates as compared to E. faecium (P 0.001). High-level 

aminoglycoside resistance was detected in 86.6% of the total isolates. Out of 70 isolates, 6 isolates were resistant to vancomycin by 

both disc diffusion and agar dilution method except 1 isolate which turned out to be intermediately resistant on MIC detection. 

However, none of the isolate was found resistant to linezolid. 

 

CONCLUSION   

Occurrence of VRE along with HLAR calls for regular detection of vancomycin resistance promptly and accurately so as to prevent 

the establishment and spread of multidrug resistant Enterococcus species. 
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BACKGROUND 

The Enterococci have emerged over the last decade as one of 

the most important nosocomial pathogens, being isolated from 

a variety of clinical conditions like urinary tract infections and 

bacteraemias.1 The emergence of vancomycin resistant 

Enterococci (VRE) in addition to the increasing incidence of 

high level aminoglycoside resistance (HLAR), presents a 

serious challenge for clinicians treating the patients with 

infections due to Enterococci.2 The species most commonly 

implicated in human infections is Enterococcus faecalis, but in 

the recent times, increasing occurrence of Enterococcus  
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faecium is of particular concern due to high resistance to 

antibiotics especially in nosocomial settings.3 

The present prospective study has been undertaken to 

speciate Enterococcal isolates from various clinical samples in 

a tertiary care hospital, to determine their antimicrobial 

susceptibility pattern and to carry out MIC detection for 

vancomycin using agar dilution method, enabling important 

therapeutic decisions to be made depending on these findings. 

 

MATERIALS AND METHODS 

The present study was carried out at a tertiary care hospital in 

Punjab. A total of 70 Enterococcal isolates were obtained from 

various clinical samples, during the study period from June 

2015 to November 2015. 

The isolates were identified to the genus level by culture 

characteristics, Gram’s stain, catalase negativity, growth on 

and blackening of bile-esculin agar, heat tolerance (60°C for 30 

minutes) and salt tolerance (6.5% NaCl).4 Speciation was 

based on Facklam’s conventional method: fermentation of 

arabinose, mannitol, raffinose and sorbitol. The carbohydrate 

fermentation reactions were performed in brain heart infusion 

broth containing 1% carbohydrate with bromocresol purple 

as an indicator. Pyruvate acidification was performed in 1% 
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pyruvate broth with bromothymol blue as an indicator. Other 

biochemical reactions included deamination of arginine, 

pigment production, motility determination and tellurite 

reduction.4,5 

Antimicrobial susceptibility testing was performed by the 

standard disc diffusion method as recommended by the 

National Committee for Clinical Laboratory Standards (NCCLS, 

2010).6 The following antibiotics were tested: ampicillin (10 

µg), ciprofloxacin (5 µg), erythromycin (15 µg), tetracycline 

(30 µg), vancomycin (30 µg), teicoplanin (30 µg) and linezolid 

(30 µg). For urine isolates, susceptibility testing for 

nitrofurantoin (300 μg) was also done. E. faecalis ATCC 29212 

(HiMedia Laboratories Pvt. Ltd., Mumbai, India) was used as a 

quality control strain. Detection of high-level aminoglycoside 

resistance (HLAR) was performed by disc diffusion method 

using disc containing 120 µg of gentamicin. A diameter of the 

zone of inhibition <6 mm indicated resistance, 7-9 mm 

indicated that the test was inconclusive and ≥10 mm indicated 

susceptibility.6 

MIC of vancomycin was determined for enterococcal 

isolates by agar dilution method. E. faecalis strain ATCC 29212 

and E. faecalis ATCC 51299 were used as sensitive and 

resistant control strains respectively. Mueller Hinton agar was 

supplemented with different concentrations of vancomycin 

(HiMedia) ranging from 0.25 µg/mL to 128 µg/mL. Ten 

microlitres of bacterial culture was spot inoculated after 

adjusting the turbidity with 0.5 McFarland standard. The 

plates were incubated at 370C for 24 hours and examined for 

growth. Any amount of growth was considered as significant. 

The minimum concentration of vancomycin which inhibited 

bacterial growth was considered as MIC. Organisms with 

“intermediate” levels of resistance were included in the 

percentage of resistant organisms for final analysis. 

 

RESULTS 

A total of 70 Enterococcus isolates were obtained from various 

clinical samples during the study period. These included 40 

(58.3%) isolates of E. faecalis, 27 (36.6%) isolates of E. faecium 

and three (5.0%) isolates belonging to other species, which 

included two isolates of E. durans and one isolate of E. avium. 

E. faecalis was the predominant species in urine and pus 

samples. All the five isolates obtained from blood culture were 

E. faecium [Table 1]. 

As compared to E. faecalis, resistance amongst E. faecium 

isolates was higher to most of the antibiotics tested and it was 

found to be statistically significant for ampicillin (P 0.008), 

nitrofurantoin (P 0.042) and vancomycin (P 0.035). However, 

tetracycline resistance was found to be significantly higher in 

E. faecalis isolates as compared to E. faecium (P 0.001). HLGR 

was detected in 86.6% of the total isolates [Table 2]. None of 

the Enterococcal isolate was resistant to linezolid. Vancomycin 

resistance was observed in 6 (8.5%) isolates by disc diffusion 

method, out of which four isolates were resistant to 

teicoplanin as well. All the VRE isolates were also resistant to 

ciprofloxacin, ampicillin and gentamicin. 

Out of six VRE isolates, four isolates had MIC of >128 

μg/mL, one isolate had MIC of 64 µg/mL and remaining one 

isolate turned out to be intermediately resistant to 

vancomycin having MIC of 16 μg/mL. Majority of the 

vancomycin sensitive Enterococcal isolates (39 isolates) 

showed MIC of 4 μg/mL [Table 3]. 

Of the six VRE isolates, five were identified as E. faecium 

and one was E. faecalis. Five VRE isolates were obtained from 

urine samples and one was from pus sample. Of all the VRE 

isolates, four were recovered from inpatients and one isolate 

was from outdoor patient. 

 

Source 

E. 

faecalis 

(40) 

E. 

faecium 

(27) 

Other Species (3) 

E. 

durans 

E. 

avium 

Urine (45) 29 15 1  

Blood (5)  5   

Pus and Soft 

Tissues (14) 
9 4 1  

Vitreous  

Fluid (1) 
 1   

Peritoneal  

Fluid (1) 
 1   

Bile (1) 1    

ET  

Secretions (1) 
 1   

High Vaginal 

Swab (1) 
   1 

Product of 

Conception (1) 
1    

Table 1. Source and Speciation of Enterococcal isolates 

 

Antibiotic 
E. 

Faecalis 

E. 

Faecium 

Other 

Species 

Ampicillin 40 81.4 33.3 

Ciprofloxacin 95 100 100 

Erythromycin 100 100 100 

Nitrofurantoin* 34.4 66.6 0 

Gentamicin 

(HLAR) 
82.5 92.5 66.6 

Tetracycline 82.5 44.4 33.3 

Teicoplanin 2.5 11.1 0 

Vancomycin 2.5 18.5 0 

Linezolid 0 0 0 

Table 2. Antibiotic Resistance (%) in Enterococci by 

Kirby–Bauer disc Diffusion Method 

 

Species 
1  

µg/mL 

2 

µg/mL 

4  

µg/mL 

8  

µg/mL 

16 

µg/mL 

32 

µg/mL 

64 

µg/mL 

128 

µg/mL 

E. Faecalis 

(40) 
2 10 27 - - - - 1 

E. Faecium 

(27) 
- 10 12 - 1 - 1 3 

Others  (3) 1 2 - - - - - - 

Table 3. Minimum Inhibitory Concentration (MIC) for  

Vancomycin by Agar dilution in Enterococcal isolates 

 

DISCUSSION 

In our study, E. faecalis was the predominant species followed 

by E. faecium and this is in concordance with other studies 

from different parts of the country.2,7,8 However, various other 

studies have shown E. faecium to be responsible for a larger 

number of Enterococcal infections as compared to E. 

faecalis.9,3 Apart from the predominant isolates of E. faecalis 

and E. faecium, two isolates of E. durans and one isolate of E. 

avium were also obtained in this study. Mohanty et al has also 

reported E. durans and E. avium, as the non-E. faecalis non-E. 
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faecium isolates in their study.10 In this study, a large number 

of isolates (46.29%) were from urine which goes parallel with 

the findings from other studies.2,11 Various  studies have 

reported a greater proportion of E. faecium in blood cultures 

and E. faecalis in cultures of samples from other sites.12,13 In 

this study as well, we had similar findings. All the five isolates 

from blood cultures were E. faecium whereas E. faecalis 

constituted 69.4% and 61.5% of the total isolates found in 

urine and pus respectively. 

The intestinal location of Enterococci and their abundance 

of plasmids and transposons suggests that they serve as a 

significant reservoir and transmitter of genetic information, 

including drug resistance genes, to other Gram-positive 

organisms in the gut, much in the way Escherichia coli is 

sometimes viewed as a reservoir of information for Gram-

negative bacteria.14 Enterococci has been recognised as an 

important global cause of nosocomial infections, with 

emphasis on related problem of multidrug resistance. In this 

study, resistance amongst E. faecium isolates was found to be 

higher to most of the antibiotics tested except tetracycline, as 

compared to E. faecalis. This has been reported in earlier 

studies as well.7,15 In our study, the highest resistance was seen 

against erythromycin, which is in agreement with other 

studies carried out in India.16,17 

In this study, occurrence of HLGR was 86.6% amongst the 

total Enterococcal isolates, being higher in E. faecium isolates 

as compared to E. faecalis although the difference was not 

statistically significant (P 0.294). Mendiratta et al have also 

reported greater resistance to high level gentamicin among E. 

faecium as compared to E. faecalis isolates.7 Study conducted 

by Karmarkar et al in Mumbai have reported HLGR prevalence 

to be as high as 100 percent for both the species.3 

There is now rampant use of vancomycin in hospitals, 

since it is used for treating infections with HLAR strains of 

Enterococci as well as methicillin-resistant S. aureus. 

Excessive use of vancomycin has been found to be a risk factor 

for infection or colonisation by VRE.18 In this study, 

vancomycin resistance was observed in 6 (8.5%) Enterococcal 

isolates. Praharaj et al have also reported 8.7% of all 

Enterococcal isolates as vancomycin resistant.1 Another study 

carried out in Chandigarh had identified 5.5 percent 

Enterococcus isolates from urine specimens as VRE.19 

However, two other studies from North India have reported 

vancomycin resistance in only 1% and 2% of all Enterococcal 

isolates respectively.16,20 Out of six VRE isolates, four isolates 

were also resistant to teicoplanin indicating Van A phenotype 

and remaining two isolates belonged to Van B phenotype. The 

results of our study were based on phenotypic methods alone. 

Genotypic methods could not be performed in conjunction 

with phenotypic methods to get more accurate information. 

 

CONCLUSION 

Integrated approach to limit the spread of VRE includes 

routine testing of all Enterococcal isolates for vancomycin 

resistance at least by vancomycin agar screen test, judicious 

use of vancomycin, rapid isolation of patients suspected to 

have VRE infections and effective surveillance mechanisms. 
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