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Background: Vancomycin-resistant Enterococcus (VRE) is an important cause of 
nosocomial infection with Enterococcus faecium causing most of the VRE infections. 
Widespread use of glycopeptides in health care facilities has led to the development 
of VRE and enterococcal infections with high-level resistance to aminoglycosides, 
beta-lactamase production and glycopeptide (including vancomycin) resistance are 
difficult to treat and often pose a therapeutic challenge to health care facilities.  
Aims and Objectives: This study aimed to determine the antibiotic susceptibility 
pattern of Enterococcus species from various clinical specimens and to find out the 
occurrence rate of vancomycin-resistant enterococci. Materials and Methods: This 
study was conducted at the Department of Microbiology of Tamralipto Government 
Medical College and Hospital, East Midnapore, West Bengal. A total of 688 clinical 
samples were the total sample size taken. Isolation and identification of Enterococcus 
spp. were done by standard microbiological procedures such as culture, Gram 
staining, and suitable biochemical tests were conducted. Antibiotic susceptibility 
testing was done by the Kirby–Bauers disc diffusion method on Mueller–Hinton agar 
and results were interpreted according to Clinical and Laboratory Standards Institute 
(CLSI) guidelines 2023. Teicoplanin sensitivity was performed for those isolates 
showing resistance to vancomycin. For strains showing resistance to vancomycin 
by the Kirby–Bauers disc diffusion method, vancomycin minimum inhibitory 
concentrations (MIC) were performed by E-test (Hi media) with MIC breakpoints 
between 4 and 32 as per CLSI criteria. This was compared with the control strain 
of American Type Culture Collection Enterococcus faecalis 29212 as per CLSI 2023 
guidelines. Results: A total of 48 Enterococcus isolates were obtained from 688 
clinical samples; 31 (8.05%) were detected from 385 urine samples, 9 (6.72%) 
were detected from 134 blood samples, 5 (5.15%) were detected from 97 pus/
wound swab, and 3 (4.17%) were detected from 72 bronchoalveolar lavage fluid 
samples. Among the 48 Enterococcus isolates, 13 (27.08%) were vancomycin-
resistant out of which nine were E. faecalis and four were E. faecium. Enterococcus 
species showed maximum resistance toward ciprofloxacin followed by ampicillin and 
maximum sensitivity toward teicoplanin and linezolid. Conclusion: Implementation 
of strict infection control measures, antimicrobial policies, and proper surveillance 
are required to identify, contain, and treat VRE infections to reduce mortality and 
morbidity.
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INTRODUCTION

Vancomycin-resistant Enterococcus (VRE), first reported 
in the world in 1986 from France and first reported from 
India in 1999,1 has emerged as one of  the leading causes 
of  nosocomial or health-care-associated infection and 
is considered a serious problem in health-care settings 
globally.2 Out of  all the species of  Enterococci, Enterococcus 
faecium accounts for most of  the VRE infections and is also 
the most virulent among them.3 Enterococci can cause a 
variety of  infections with urinary tract infections being the 
most common followed by bacteremia, intraabdominal 
infections, wound, and soft-tissue infections, neonatal 
sepsis, and rarely meningitis.4

Widespread use of  glycopeptides in health-care facilities 
has led to the development of  VRE5 and several 
studies show that infection with VRE is associated 
with a prolonged hospital stay, increased exposure to 
antimicrobials particularly vancomycin, reduced immunity, 
renal insufficiency, steroids use and presence of  indwelling 
urinary catheter.6,7 Enterococcal infections with high-level 
resistance to aminoglycosides, beta-lactamase production, 
and glycopeptide (including vancomycin) resistance are 
difficult to treat and often pose a serious therapeutic 
challenge to clinicians as well as to health-care facilities.8

This study was conducted to find the prevalence of  
vancomycin resistance among Enterococcus isolates from 
various clinical specimens at a tertiary care hospital in 
West Bengal.

Aims and objectives
This study aimed to determine the antibiotic susceptibility 
pattern of  Enterococcus species from various clinical specimens 
and to find out the occurrence rate of  vancomycin-resistant 
enterococci.

MATERIALS AND METHODS

This is a hospital-based cross-sectional study conducted in 
the Department of  Microbiology at Tamralipto Government 
Medical College and Hospital, East Midnapore, West Bengal, 
over a period of  1 year from August 2023 to July 2024.

Various clinical samples such as blood, urine, pus/wound 
swabs, and bronchoalveolar lavage (BAL) fluid collected 
aseptically from patients of  all age groups admitted in 
various departments were received for aerobic culture in 
the Department of  Microbiology. The sample size taken 
was 688 and each consecutive sample which came to our 
laboratory was included in our study. Urine samples were 
inoculated on CLED agar whereas the other samples 

were inoculated on blood agar and MacConkey agar and 
incubated at 37°C for 24–48  h. Exclusion criteria were 
the samples which were rejected due to faulty collection 
procedures and non-labeled samples.

Identification of  enterococci was done by its colony 
characters, Gram stain, and catalase test followed by 
confirmation of  diagnosis by Bile Esculin hydrolysis test 
and growth in 6.5% NaCl. Enterococcus faecalis and E. faecium 
were differentiated based on hippurate hydrolysis and sugar 
fermentation tests such as glucose, sucrose, mannitol, 
sorbitol, arabinose, raffinose, and pyruvate fermentation 
tests.

Antibiotic susceptibility testing was done by Kirby–Bauers 
disc diffusion method on Mueller–Hinton agar taking 
0.5  McFarland standard inoculum and results were 
interpreted according to Clinical and Laboratory Standards 
Institute (CLSI) guidelines 2023. The Himedia antibiotic 
discs used were ampicillin 10 mcg, piperacillin-tazobactam 
30/6 mcg, linezolid 30 mcg, vancomycin 5 mcg, teicoplanin 
30  mcg, high-level gentamycin (HLG) 120  mcg, and 
ciprofloxacin 5 mcg; teicoplanin sensitivity was performed 
for those isolates showing resistance to vancomycin.

For all those strains showing resistance to vancomycin 
5 mcg by Kirby–Bauers disc diffusion method, vancomycin 
minimum inhibitory concentrations (MICs) were performed 
by E-test (Hi media) with the MIC breakpoints between 
4 and 32 as per CLSI criteria. This was compared with 
the control strain of  American Type Culture Collection 
E. faecalis 29212 as per CLSI 2023 guidelines.

The results obtained were tabulated, interpreted, and 
analyzed in a Microsoft Office Excel worksheet.

RESULTS

A total of48 Enterococcus isolates were obtained from 688 
clinical samples; 31 (8.05%) were detected from 385 urine 
samples, 9 (6.72%) were detected from 134 blood samples, 
5 (5.15%) were detected from 97 pus/wound swabs, and 
3  (4.17%) were detected from 72 BAL fluid samples 

Table 1: Distribution of Enterococcus sp. among 
various clinical samples
Sample 
type

Total no of 
sample (n=688)

No of 
enterococci

Percentage

Urine 385 31 8.05
Pus/wound 
swab

97 5 5.15

Blood 134 9 6.72
BAL fluid 72 3 4.17

BAL: Bronchoalveolar lavage
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(Table 1). Out of  48 Enterococcus species, 33 (68.75%) were 
E. faecalis and 15 (31.25%) were E. faecium (Figure 1). Among 
the 48 Enterococcus isolates, 13 (27.08%) were vancomycin-
resistant out of  which nine were E. faecium and four were 
E. faecalis; from urine samples 8 (61.54%) VRE isolates were 
detected, from blood samples 3  (23.08%) VRE isolates, 
from pus and BAL fluid samples 1 each (1.03%) and (1.39%) 
were detected, respectively (Table 2). In the antimicrobial 
susceptibility pattern, Enterococcus species showed maximum 
resistance with ciprofloxacin followed by ampicillin; on the 
other hand, teicoplanin and linezolid showed maximum 
sensitivity among the Enterococcus isolates tested in our study 
(Table 3). Figure 2 shows the picture of  e test with mic of  
32 of  a vre strain isolated.

DISCUSSION

Enterococci, including VRE, have emerged as an 
important cause of  health-care-associated infection and 

the widespread misuse and overuse of  antibiotics have 
led to increased resistance of  enterococci against different 
antimicrobials such as β lactams, aminoglycosides, and 
particularly glycopeptides such as vancomycin.9 In our 
study, the maximum number of  Enterococcus isolates were 
diagnosed from urine samples (8.05%), followed by blood 
(6.72%), pus/wound swabs (5.15%), and BAL fluid (4.17%) 
samples. A study by Arif  et al.,9 also showed maximum 
enterococcal isolates detected from urine samples; however, 
few previous studies10-12 have shown different findings 
compared to our study.

Among the enterococcal isolates, E. faecalis was the major isolate 
(68.75%) followed by E. faecium (31.25%) which is similar to 
many previous studies2,9,10,12 where E. faecalis was the major 
isolate. However, in a study by Sivaradjy et al.,13 E. faecium was 
detected more than E. faecalis which differs from our study.

Table 2: Distribution of vancomycin‑resistant Enterococcus
Sample No of sample 

(n=688)
Enterococcus 

faecium
Enterococcus 

faecalis
No. of 
VRE

Percentage 
of VRE

Urine 385 6 3 9 2.34
Pus/wound swab 97 1 0 1 1.03
Blood 134 1 1 2 1.49
BAL fluid 72 1 0 1 1.39

BAL: Bronchoalveolar lavage

Table 3: AST pattern in VRE
Antibiotics Resistance in Enterococcus 

faecalis (n=33) (%)
Resistance in Enterococcus 

faecium (n=15) (%)
Total (n=48) 

(%)
Ampicillin 22 (66.67) 12 (80) 34 (70.83%)
Piperacillin–Tazobactam 10 (30.30) 7 (46.67) 17 (35.42)
Linezolid 1 (3.03) 0 (0) 1 (2.08)
Vancomycin 4 (12.12) 9 (60) 13 (27.08)
Teicoplanin 0 (0) 0 (0) 0 (0)
High‑level gentamycin 19 (57.58) 9 (60) 28 (58.33)
Ciprofloxacin 28 (84.85) 13 (86.67) 41 (85.42)

AST: Antibiotic susceptibility testing, VRE: Vancomycin‑resistant Enterococcus 

Figure 1: Distribution of isolated Enterococcus spp.
Figure 2: E-test minimum inhibitory concentrations for vancomycin-
resistant Enterococcus
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The prevalence of  VRE in our study was found to be 
27.08% which is a similar finding to the study by Arif  
et al.9 The prevalence of  VRE in our study is higher 
compared to a few previous studies1,8,14,15, whereas some 
other studies10,13,16,17 have reported a higher rate of  VRE 
than our study.

Maximum number of  VRE isolates was from urine 
(2.34%) followed by blood (1.49%), BAL fluid (1.39%), 
and pus/wound swab (1.03%). Other studies by Mukherjee 
et al.,18 and Jada and Jayakumar19 have shown maximum 
VRE isolates found in urine samples followed by pus, other 
body fluids, and blood samples.

In the present study, enterococcal isolates showed the 
highest resistance toward ciprofloxacin (85.42%) followed 
by ampicillin (70.83%), high-level gentamicin (58.33%), 
and piperacillin–tazobactam (35.42%); as discussed 
previously resistance toward vancomycin was 27.08%. E. 
faecium infections were found to have higher resistance 
toward most of  the antibiotics as compared to E. faecalis 
infections; resistance toward multiple antibiotics makes the 
treatment of  enterococcal infections more complicated. 
All the isolates showed maximum sensitivity toward 
linezolid and teicoplanin with only 2.08% resistance 
toward linezolid and none of  the samples showed 
resistance toward teicoplanin.

High-level resistance toward ciprofloxacin has also been 
reported in studies by Mehi et al.,20 and Narayanaswamy 
et al.,21 which is a similar finding to our study. Ampicillin 
resistance in our study was 70.83 % which is close to 
the finding of  a study by Mathur et al.,22 where which 
showed 66% resistance to ampicillin, few other studies 
have also shown similar resistance against ampicillin.18,23 
HLG resistance in our study was 58.33% which is similar 
to that found in other studies.9,21 Maximum sensitivity was 
observed toward linezolid and teicoplanin which is similar 
to studies by Arif  et al.,9 Mukherjee et al.,18 and Chitnis 
et al.,24 where 100% sensitivity was observed to linezolid.

Among the 13 VRE isolates found in our study, six 
isolates showed high-level resistance to vancomycin (MIC 
>256 mcg/mL) by E-test whereas other isolates showed 
different MIC values such as 2  mcg/mL, 4  mcg/mL, 
8 mcg/mL, 16 mcg/mL, etc. which could be compared to 
the study by Arif  et al.9

Limitations of study
This study has been conducted in a resource-limited setting 
with available diagnostic facilities. Molecular studies by 
PCR targeting the VRE genes would give a better result 
in this case.

CONCLUSION

The emergence of  VRE is both a medical as well as 
public health problem and it is associated with multidrug-
resistant infections. This highlights the importance of  rapid 
surveillance and prompt identification, containment, and 
treatment of  VRE infections in hospitals. Implementation 
of  strict infection control measures, education of  healthcare 
workers, and antimicrobial stewardship programs for 
rational use of  vancomycin are to be strictly followed to 
reduce mortality and morbidity with VRE infections.
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