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Abstract 

Introduction: Enterococci are Gram positive cocci which inhabit the gastrointestinal tract (GIT) of humans, but 

when they colonize other sites rather than GIT, they can become pathogens. Enterococci are the second most 

common cause of nosocomial urinary tract, wound infections and third most common cause of bacteremia which 

may lead to serious clinical manifestations such as endocarditis. Therefore the Aim of the study is to characterize 

Enterococci from clinical samples and determine their antimicrobial resistance with special reference to HLGR, 

tigecycline and vancomycin.  

Material and Methods: 100 Enterococcus isolates were obtained from various clinical samples and characterized 

by standard protocols. Antibiotic sensitivity of Enterococci was performed by disc diffusion method and MIC of 

vancomycin by agar dilution method as per CLSI guidelines.  

Results: Out of 100 Enterococcal isolates of which 49 (49%) were HLGR and 51 (51%) were HLGS. All 100 

Enterococci were sensitive to Tigecycline and vancomycin by disc diffusion method. However, MIC of vancomycin 

showed 43 sensitive, 3 intermediate and 3 resistant. Out of 49 HLGR Enterococcus species, 46 showed biofilm 

production whereas 3 showed inappropriate result.  

Conclusions: Considerable prevalence of pathogenic species of Enterococci which were drug resistant and biofilm 

producers was seen. Therefore complete identification and routine practice of MIC determination is essential to limit 

their emergence as major species in the near future.  
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Introduction: 

Enterococci are Gram positive cocci which inhabit 

the gastrointestinal tract (GIT) of human being, but 

when they colonize other sites rather than GIT, they 

can become pathogens. Enterococci are now the 

second most common cause of nosocomial urinary 

tract and wound infections and third most common 

cause of nosocomial bacteremia can cause serious 

clinical manifestations such as Endocarditis and 

Bacteremia.
1 

E. faecalis and E. faecium are most 

common species account for the overwhelming 

majority of human Enterococcal infections. 

Nosocomial infections caused by Enterococcus spp. 

are growing in importance.
2 

According to data from 

the National Nosocomial Infections System of the 

Centers for Disease Control and Prevention, in the 

United States Enterococcus spp. are responsible for 

12% of all nosocomial infections and 8% of all 



International J. of Healthcare and Biomedical Research, Volume: 05, Issue: 04, July 2017, 25-31 

 

26 

www.ijhbr.com ISSN: 2319-7072 

 

bacteremia acquired nosocomially. 
 

Enterococcus 

spp. has a great capacity for acquiring resistance to 

most commonly used antimicrobial agents. In case of 

HLGR Enterococcus infection, Tigecycline and 

Vancomycin are reasonable and effective option for 

treatment. When the strain causing the infection 

presents with high-level resistance to the 

aminoglycosides and the use of combination of 

penicillin and glycopeptides is no longer possible.
3
 

Tigecycline is a glycylcycline antimicrobial with a 

good activity against gram positive as well as gram 

negative bacteria.
4
 Therefore, present study was 

aimed to detect High Level Gentamycin Resistance 

(HLGR) in Enterococcus species and treatment with 

Vancomycin and Tigecycline in vitro along with the 

biofilm production from clinical samples. 

 Objectives: 

1. To characterize Enterococcus species obtained 

from clinical specimens. 

2. To determine the antimicrobial susceptibility 

pattern of Enterococci by Kirby Bauer disc 

diffusion method. 

3. To detect MIC of vancomycin of HLGR 

Enterococcus species by Agar dilution method. 

4. To detect biofilm production among HLGR 

Enterococcus species by Microtitre plate assay. 

Materials and Methods: 

The isolates were characterized according to standard 

protocol by using Sugar fermentation test such as 

Sorbitol, Mannitol, Arabinose, and Raffinose as 

shown in table 1. Antibiotic sensitivity testing of 

Enterococci was done by Kirby-Bauer disc diffusion 

method according to the CLSI guidelines
5.
  The 

antibiotic disks (Hi-Media, Mumbai, India) used 

were as follows: Ampicillin (10µg), Gentamicin 

(120µg), Linezolid (30µg), Teicoplanin (30 µg), 

Vancomycin (30µg), Tigecycline (15µg), 

Ciprofloxacin (5µg), Norfloxacin (10µg) and 

Nitrofurantoin (300µg).  

E. faecalis ATCC 29212 and E. faecalis ATCC 

51299 were used as the quality control strains for 

antimicrobial susceptibility testing. Minimum 

inhibitory concentration of Vancomycin was 

determined by agar dilution method
6
 using the 

following concentration of vancomycin 0.125 µg/ml 

to 16 µg/ml. One or more colony or a film of growth 

indicated resistance to vancomycin. Vancomycin 

sensitive strain E. faecalis ATCC 29212 was used as 

negative control and vancomycin resistant strain E. 

faecalis ATCC 51299 was used as positive control. 

Determination of minimum inhibitory concentration 

(MIC) of vancomycin for Enterococcal isolates was 

done by agar dilution method. Brain-heart infusion 

agar (Hi Media, Mumbai) was supplemented with 

different concentrations of vancomycin. 10 µl of 

bacterial culture was spot inoculated after adjusting 

the turbidity with McFarland 0.5 standard. The plates 

were incubated at 37
º
C for 24 hr and examined for 

growth. The minimum concentration of vancomycin 

which inhibited bacterial growth was considered 

MIC. Enterococci which had MIC >32 µg/ml were 

considered resistant; 8-16 µg/ml as intermediately 

resistant and MIC of 4 µg/ml as susceptible to 

vancomycin as per CLSI guidelines. For biofilm 

production overnight grown cultures of Enterococcus 

spp. was diluted in 1:20 with fresh medium of BHI 

broth with 1% sucrose. 200 µl of each diluted 

bacterial inoculum was transferred to the wells of 

microtitre plate and only BHI broth with 1% sucrose 

broth to the control well and incubated overnight at 

37 ̊ C. After incubation, supernatant was aspirated 

from the wells of microtitre plate and washed once 

with phosphate buffer saline (PBS). Microtitre plate 
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was dried and 200 µl of sodium acetate (2%) were 

added to each wells and kept for 15 - 20 minutes at 

Room temperature (RT). Washed the wells and 0.1% 

crystal violet (CV) was added in wells of the plate 

and left at room temperature for 5 - 10 minutes and 

crystal violet was discarded from each wells. Again 

plate was washed with PBS for 2-4 times and dried. 

Finally, to remove excess of crystal violet, plate was 

treated with 200 µl 95% ethanol.
7
 Finally, OD value 

was taken with ELISA reader at 630 nm wavelength 

and results were evaluated according to Mathur T et 

al., 2006.
8
  

Statistical analysis:  

Descriptive statistics was used for analysis. 

Proportions were used to study the resistance pattern 

of Enterococcus and variables were expressed as 

percentages. All the data were expressed as tables. 

Results

Total 100 Enterococcal isolates were collected from 

various clinical samples as follows- 66 (66%) isolates 

from urine, 22 (22%) from pus followed by 6 (6%) 

from wound swab and 6 (6%) from ET-tip. Species 

identification of all obtained Enterococci was done 

by the Sugar fermentation test. Out of which 61(61%) 

isolates were E. faecalis and 39 (39%) were E. 

faecium, as shown in table 1. All isolates were tested 

for antimicrobial drug sensitivity for: Ampicillin, 

Gentamicin, Linezolid, Teicoplanin, Vancomycin, 

Tigecycline and Ciprofloxacin (for pus, wound swab, 

and ET tip samples) along with Norfloxacin and 

Nitrofurantoin (only for urine samples) and 

interpretated according to CLSI guidelines as shown 

in table 2. Out of 100 isolates, 49 (49%) were High 

level of Gentamycin Resistant (HLGR) and 51 (51%) 

were High Level Gentamycin Sensitive (HLGS). 

Among these 49 HLGR isolates, 30 were E. faecalis 

and 19 were E. faecium. Out of 49 HLGR 

Enterococci species, 43 Isolates (28 E. faecalis and 

15 E. faecium) were sensitive at MIC < 4µg/ml of 

Vancomycin concentration.  3 isolates (2 E. faecalis 

and 1 E. faecium) showed intermediate sensitivity for 

vancomycin at different MIC concentration. 

However, 3 isolates (2 E. faecalis and 1 E. faecium) 

were found to be resistant for vancomycin at MIC 

>32 µg/ml as shown in Table 3. Out of 49 HLGR 

Enterococcus spp. 30 (61.2%) were E. faecalis 

(where 10 were weak and 20 were strong biofilm 

producers) and 16 (32.65%) were E. faecium biofilm 

producers (where 5 are weak and 11 are strong) and 

whereas 3 (6.1%) E. faecium isolates showed 

inappropriate result in biofilm formation as shown in 

Table 4. 

 

Table 1:  Differentiation of Enterococcus species on the basis of sugar fermentation test: 

Sugars for fermentation  E. fecalis (n= 61) E. faecium (n = 39) 

Mannitol + + 

Sorbitol + +/- 

Arabinose - + 

Raffinose + +/- 
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Table 2: Antimicrobial susceptibility pattern of Enterococci from various clinical samples: 

 

     Antimicrobial agents 

Samples (n= 100)  

 

       Total 

Urine (66) Pus (22) Wound swab (6) ET tip (6) 

Ampicillin  

(10 µg) 

Sensitive 39 8 2 3 52 

Resistant 27 14 4 3 48 

HLG (120 µg) 

 

Sensitive 28 12 6 5 51 

Resistant 38 10 0 1 49 

Ciprofloxacin (5 

µg) 

Sensitive NA 12 4 3 19 

Resistant NA 10 2 3 15 

Norfloxacin (10 

µg) 

Sensitive 26 NA NA NA 26 

Resistant 40 NA NA NA 40 

Linezolid (30µg) Sensitive 66 22 6 6 100 

Resistant 0 0 0 0 0 

Vancomycin 

(30µg) 

Sensitive 66 22 6 6 100 

Resistant 0 0 0 0 0 

Nitrofurantoin 

(300µg) 

Sensitive 54 NA NA NA 54 

Resistant 12 NA NA NA 12 

Teicoplanin 

(30µg) 

Sensitive 66 22 6 6 100 

Resistant 0 0 0 0 0 

Tigecycline 

(15µg) 

Sensitive 66 22 6 6 100 

Resistant 0 0 0 0 0 

 

Table 3: MIC range for vancomycin (µg/ml) in E. faecalis and E. faecium: 

Clinical isolates 

        (n=49) 

MIC values (µg/ml) 

≤  0.5 1 2 4 8 16 ≥ 32 

E. faecalis (30) 0 1 12 15 1 1 2 

E. faecium (19) 0 1 5 9 1 0 1 
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Table 4: Biofilm formation of HLGR Enterococci species: 

 

Enterococcus spp. (n=46) 

Biofilm formation 

Weak (≤ 0.120) Moderate 

(0.120-0.240) 

Strong (≥ 0.240) 

E. faecalis 10 (20.4%) - 20 (40.81%) 

E. faecium 5 (10.2%) - 11 (22.44%) 

Total: 15 (30.6%)  31 (63.2%) 

 

Discussion: 

In our study, E. faecalis was the principal species, 

where the isolation rate of E. faecalis (61%) was 

more than that of E. faecium (39%). Similar results 

have been reported from central and south India.
9, 10

 

However, studies carried out in north India have 

shown E. faecium to be responsible for a larger 

number of Enterococcal infections than E. faecalis.
11

 

Enterococci are widely distributed in nature and 

usually a part of mixed flora commonly found in 

gastrointestinal tract and remains difficult to 

differentiate colonization from true infection.
12  

Over the last few years, Enterococci have become 

multidrug resistant and emerged as nosocomial 

pathogen, probably due to over use of certain 

antibiotics to treat Methicillin Resistant 

Staphylococcus aureus infections. The susceptibility 

pattern of isolates in our study is shown in Table 

number 2. Maximum resistance was shown to 

Ampicillin, Gentamicin and Quinolone. All isolates 

were sensitive to Linezolid, Tigecycline and 

Teicoplanin by disc diffusion method.  The 

sensitivity to Vancomycin by disc diffusion method 

was 100%. Similar results have been published by 

other studies.
13, 14, 15

 Frequent use of these 

antimicrobials for empirical treatment of various 

bacterial infections could be the grounds for this 

antibiotic resistance. All the isolates were sensitive to 

Teicoplanin, signifying this drug as a reserve drug for 

therapy against these drug resistant organisms. 

Similar results have been reported by another study.
16

 

Resistance to aminoglycosides in Enterococci is often 

associated with multidrug resistance.
17 

In our study, 

51% of Enterococci was sensitive to High Level 

Gentamycin (HLG) whereas 49% was found to be 

resistant for the same. We found HLGR was 61.2%% 

in E. faecalis and 47.5% in E. faecium. HLGR is of 

higher percentage in E. faecium than in E. faecalis. 

Sanal Farnandes et al., and Mendiratta et al., have 

reported similar findings. Telkar et al., have reported 

HLGR of 71.4% in E. faecium and 57% in E. 

faecalis. In our study, susceptibility to Tigecycline 

was 100%, including the HLGR strains. Sader et al.
 

have reported that of the VRE isolates 99% were 

susceptible to Tigecycline. Jones et al reported a 

VRE rate of 14% and all of them being susceptible to 

Tigecycline. Chen et al. have reported 98.6% 

sensitivity to Tigecycline among VRE by MIC 

method.
18

 Our results are congruent with Bosnak VK 

et al.
19

 The limitation of our study was that the 

susceptibility to Tigecycline was done by Disc 

diffusion method alone and not by MIC. The 

incidence of infection with strains of Enterococcus 

with glycopeptides resistance has increased 

dramatically. MIC test is considered as the gold 

29 
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standard to test susceptibility to Vancomycin among 

Enterococcus species. In our study MIC of 

vancomycin was tested in which 43 HLGR strains 

were sensitive at MIC concentration < 4µg/ml. 

whereas 3 isolates were found to be intermediately 

resistant at MIC concentration between 8-16 µg/ml 

and 3 HLGR isolates were resistant at MIC 

concentration >32 µg/ml. However, all these strains 

were sensitive by disc diffusion method. Hence, it is 

imperative to test Vancomycin sensitivity by MIC 

method in diagnostic laboratories. This observation is 

consistent with that made in a previous report.
4 

The 

Vancomycin resistance in Enterococci allows fewer 

options for the disease management. All the VRE 

isolates in our study found to be sensitive to 

Tigecycline and Teicoplanin, leaving them as the 

treatment options, depending on the severity of 

infection in the patient. Along with the drug 

resistance in nosocomial Enterococcal infection, 

biofilm production has been found to be one of the 

major obstacles in the treatment of the patients with 

the indwelling devices. Biofilm formation in 

enterococci is one of the several defense mechanisms 

to evade action of antibiotics and help in persistence 

of infections, especially on indwelling catheters. 
20

 In 

this study, we found that biofilm formation rate was 

93.88% among the HLGR Enterococcus species.
 

However, higher rates of biofilm formation (86.6%) 

have been reported from India among the urinary 

isolates of Enterococci.
21

 As per CLSI, MIC testing 

has become mandatory to report VRE; in future we 

may require doing MIC detection for Tigecycline as 

well to look for the trends in antimicrobial 

susceptibility of this notorious pathogen. 
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