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Abstract 

Vancomycin-resistant Enterococci (VREs) have increasingly become a major nosocomial 

pathogen worldwide. The increasing prevalence of vancomycin-resistant enterococci (VRE) 

in hospitals poses a serious threat to patients due to their multiple drug resistance. This study 

aimed to determine the prevalence of vancomycin resistance among the various Enterococcal 

species isolated from clinical samples, 

Methods: A Total of 150 enterococcus species isolated from different clinical samples were 

subjected to vancomycin-resistant enterococcus (VRE) screening using conventional 

microbiological methods. Antibioticsusceptibility testingofallenterococcalisolatesand 

screening and confirmatory tests were performed to detect specific resistance mechanisms. 

Minimum inhibitory concentrations (MIC) of vancomycin were determined using the 

microdilution method. 

Results: out of 150 enterococcus species isolated from different clinical samples were 

subjected to vancomycin resistance using conventional microbiological methods. The 

incidence rate of male VRE was 7/11 (63.6%), and female VRE was 4/11 (34.4%). Most 

VREs were from male patients of different age groups. Of these, 7 were E. faecalis& 4 were 

E. faecium. 

Conclusion: Enterococci have emerged as a pathogen associated with severe nosocomial 

infections &E. faecalis and E. faecium cause most clinical infections. 

 

Introduction 

Enterococci is a Gram-positive bacterium, facultatively anaerobic, and widely distributed in 

nature and the digestive tracts of humans and animals. They are the second leading cause of 

healthcare-associated infection and are an important pathogen of urethral infection, soft tissue 

infection, sepsis, and meningitis (1,2). Among these are Enterococci, Enterococcus faecalis, 

and Enterococcus faecium, which are clinically significant. Enterococcus faecium is a 

nosocomial pathogen, meaning it is a type of bacteria that is resistant to most antibiotics and 

is typically acquired in a hospital setting; responsible for about 95% of human enterococcal 

infections and a leading cause of hospital-acquired and multidrug-resistant infection (1,3). 
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The increasing prevalence of vancomycin-resistant enterococci (VRE) in hospitals poses a 

serious threat to patients due to their multiple drug resistance. This research is crucial as it 

sheds light on the potential reservoir of resistance genes and their ability to transfer to other 

bacterial strains, thereby influencing and potentially revolutionizing healthcare strategies. The 

implications of this research on healthcare strategies are profound and necessitate adaptation 

and change. (4) 

Vancomycin-resistant enterococcal infections have become a significant concern within the 

healthcare community. Three distinct glycopeptide resistance phenotypes (Van A, Van B, Van 

C) exist, and they can be differentiated based on the level and inducibility of resistance to 

vancomycin and teicoplanin. The VanA type has acquired inducible resistance to both 

vancomycin and teicoplanin, while the VanB type has acquired inducible resistance to 

vancomycin but not to teicoplanin. (5) 

The early detection of resistance profiles is a crucial step in preventing the spread of VRE in 

hospitals and the community. The present study aimed to determine the antimicrobial 

resistance profile and detect the prevalence of the vanA gene in Enterococci isolated from 

clinical samples. The study particularly emphasizes the phenotypic characterization of 

vancomycin resistance in enterococci. The findings of this research are of immense 

significance, providing a comprehensive understanding of the resistance profiles, particularly 

concerning vancomycin, and will be of immense value to the field. 

 

Material & methods 

This study was conducted at ………………... Indore, MP. From............., 150 enterococcal 

strains were isolated from diverse clinical samples, including urine, blood, pus, pleural fluid, 

CSF, sputum, and ascitic fluid.  

The colonies with typical enterococcal morphological characteristics were first identified 

based on Gram staining and standard biochemical tests, including arabinose utilization, 

growth in 6.5% NaCl, bile esculin degradation, and pyrrolidinyl β-naphthylamide (PYR) 

degradation (1) 

Antibiotic susceptibility testing was conducted using the Modified Kirby Bauer disc diffusion 

method, following the guidelines outlined by the Clinical and Laboratory Standards Institute 

(6). Antibiotic discs (Himedia) with specified concentrations were employed for testing, 

including penicillin (10U/disc), ampicillin (10μg), high-level gentamicin (120μg), 

ciprofloxacin (5μg), vancomycin (30μg), and linezolid (30μg),  nitrofurantoin (300 μg), 

Fosfomycin (), Tetracycline (), Minocycline (), doxycycline (). 

MIC for vancomycin was determined using the micro broth dilution method following the 

protocol and MIC breakpoints as per CLSI guidelines [6]. As part of quality control 

measures, E. faecalis ATCC 29212 and E. faecalis ATCC 51299 were included as reference 

strains. These control strains ensure the accuracy and reliability of the MIC determinations, 

serving as benchmarks for the testing procedures. The process involves preparing a stock 

solution to determine vancomycin's minimum inhibitory concentration (MIC) against 

Enterococcus isolates using the agar dilution method. 

 

Results 

Out of 150 enterococcus isolates, ,68(45.3%) were E. faecalis, 52(34.6%) were E. faecium, 

and 30(20%) were other enterococcus species by phenotypic methods. The most common 

clinical samples from which enterococcus was isolated were pus 37(24.6%), ear swab 

23(15.3%), urine 32(21.3%), Fluids & other 21(14%), Blood 19(12.6%) & sputum 18(12%). 

Where 11(7.3%) were VRE, and the highest number of VRE were isolated from pus & urine 

culture 3(27.2%) and 3(27.2%), respectively, followed by fluids & other 2(18.1%), blood 

1(9.1%), ear swab 1(9.1%) and 1(9.1%) were from sputum samples. 
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Table: Prevalence of VRE isolates from different clinical samples 

Clinical samples Number of Enterococcus (n=150) VRE(n=11) VRE % 

Pus 37(24.6%) 3 27.2% 

Urine 32(21.3%) 3 27.2% 

Blood 19(12.6%) 1 9.1% 

Ear Swab 23(15.3%) 1 9.1% 

Fluids & other 21(14%) 2 18.1% 

Sputum 18(12%) 1 9.1 

Total 150 11 7.3% 

 

A total of 11(7.3%) isolates were found to be vancomycin-resistant using the broth 

microdilution technique as per CLSI guidelines. 7/68(10.2%) were vancomycin-resistant 

enterococcus faecalis, 4/52(7.7%) were vancomycin-resistant enterococcus faecium, and no 

VRE was isolated from other enterococcus species. All 11 isolates found vancomycin-

resistant by the broth microdilution method showed MIC between ≥32µg/ml to ≥256µg/ml. 

 

Table 2:  Minimum Inhibitory Concentration (MIC) values of Vancomycin against the VRE 

strains. 

VRE isolates 

n= 11 

Vancomycin MIC values (µg/ml)  

Total Intermediate (8-16 µg/ml) Resistant (≥32µg/ml) 

8 µg/ml 16 

µg/ml 

32 

µg/ml 

64 

µg/ml 

128 

µg/ml 

256 

µg/ml 

512 

µg/ml 

E. faecalis   3 2 1 1  7 

E. faecium   2  2   4 

Total   5 2 3 1  11 

 

The sensitivity pattern of E. faecalis and E. faecium shows that 100% were sensitive to 

linezolid. Where E. faecalis shows that 67(98.5%) were sensitive to ampicillin, followed by 

56(82.3%) were to gentamycin (HLG), 61 (89.7%) were to vancomycin, 19(27.9%) were to 

ciprofloxacin, 15(22.1%) were to penicillin. In the case of E. faecium38(92.3%) were 

sensitive to vancomycin followed by 42(82.7%) were to gentamycin (HLG), 14(26.9%) were 

to ciprofloxacin, 9(17.3%) were to penicillin. 

 

Table: Antibiotic sensitive pattern of E. faecalis & E. faecium 

Antibiotics E. faecalis (n=68) E. faecium (n=52) 

Sensitive Resistant Sensitive Resistant 

Ampicillin 67(98.5%) 1(1.5%) 17(32.7%) 35(67.3%) 

Penicillin 15(22.1%) 53(77.9%) 9(17.3%) 43(82.6%) 

Vancomycin 61 (89.7%) 7(10.3%) 38(92.3%) 4(7.7%) 

Linezolid 100 (100%) 0% 100% 0% 

Ciprofloxacin 19(27.9%) 49(72.1%) 14(26.9%) 38(73.1%) 

Gentamycin (HLG) 56(82.3%) 9(17.64%) 42(82.7%) 9(17.3%) 

Antibiotics 

 

Antibiotics sensitive and resistant pattern of E. faecalis & 

E. faecium (only for urine isolates) N=9 

E. faecalis (n=15) E. faecium (n=11) 

Tetracycline (U) 12(80%) 3(20%) 8(72.7%) 3(27.3%) 

Doxycycline (U) 12(80%) 3(20%) 9(81.8%) 2(18.2%) 

Minocycline (U) 12(80%) 3(20%) 9(81.8%) 2(18.2%) 
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Fosfomycin (U) 14(93.3%) 1(6.7%) 10(91.9%) 1(9.1%) 

Nitrofurantoin (U) 13(86.7%) 2(13.3%) 10(91.9%) 1(9.1%) 

 

Discussion 

Enterococci have become increasingly prevalent as a significant causative agent of 

nosocomial infections inside hospital settings and opportunistic infections in persons with 

impaired immune systems [7-9]. It is widely acknowledged that these microorganisms have 

the potential to induce a range of severe and potentially fatal infections, including 

endocarditis, bloodstream infections, wound infections, and urinary tract infections [7-9]. 

Therefore, it is crucial to identify them early and implement appropriate treatment according 

to the antimicrobial susceptibility pattern. The rise of VRE has exacerbated the situation, 

resulting in limited choices for antibiotics to treat this multi-drug-resistant organism. 

In the present study, 11(7.3%) isolates were found vancomycin-resistant by broth 

microdilution. All isolates showed resistance to vancomycin, with MIC ranges between 

≥32µg/ml and≥256µg/ml.  

The first reported VRE isolate in India was documented in New Delhi by Mathur et al. in 

1999. [10]. In another study by Taneja et al., eight (5.55%) VRE were detected by the E-test 

and agar dilution method.[11] 

Similarly, Fernandes and Dhanashree, in a study of 150 enterococcal isolates, reported a 

prevalence of vancomycin resistance of 8.6%.[12]. Shafiyabi et al. also reported a prevalence 

of 5% of vancomycin resistance among enterococci isolates in a tertiary care centre in South 

India.[13]. Vancomycin resistance is low in India compared to Western countries, although its 

rising rate is concerning. [14] 

Our study aims to evaluate the frequency of vancomycin resistance in the clinical isolates of 

Enterococci obtained from patients in this region. Approximately 150 confirmed cases of 

Enterococcal isolates were obtained from various clinical samples, encompassing urine, 

blood, and pus. 

In our study, out of 150 enterococcus isolates, the maximum isolates were from pus 

37(24.6%), ear swab 23(15.3%), urine 32(21.3%), Fluids & other 21(14%), Blood 19(12.6%) 

& sputum 18(12%). Where 11(7.3%) were VRE, and the highest number of VRE were 

isolated from pus & urine culture 3(27.2%) and 3(27.2%), respectively, followed by fluids & 

other 2(18.1%), blood 1(9.1%), ear swab 1(9.1%) and 1(9.1%) were from sputum samples. 

A study conducted by Akhter S [15] observed a VRE isolation rate of 4.65% in E. faecalis. 

Their investigation [16] reported a VRE isolation rate of 1.4%, all of which were E. faecium. 

This rate is lower than the rate observed in our study. 

Vancomycin resistance in our isolates is a stark reminder of the importance of strictly 

enforcing antibiotic policies and robust infection control measures. It underscores the need 

for vigilant measures to prevent the emergence and spread of multi-drug-resistant bacteria, 

highlighting the significance of judicious antibiotic use and stringent infection control 

practices in healthcare settings. 

 

Conclusion 

Enterococci have emerged as a pathogen associated with severe nosocomial infections 

recently. Urinary tract infections are the most frequent infections caused by enterococci, 

followed by wound infections and bloodstream infections. E. faecalis and E. faecium cause 

most clinical infections. For β-lactam- and aminoglycosides-resistant, Gram-positive bacteria, 

vancomycin is generally used. Treating severe infections caused by vancomycin-resistant 

enterococci has emerged as one of the leading clinical challenges for physicians because of 

limited therapeutic options. In this study, 11 isolates were vancomycin resistant. These 

isolates are highly resistant to vancomycin using the broth microdilution method. 
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