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Abstract: Background: Vancomycin resistant enterococci (VRE) has rapidly become one of the leading cause 

of nosocomial infections and major growing problems in health care facilities globally. Objectives: To 

determine prevalence, perform molecular characterization and to see the clinical outcome of VRE at a tertiary 

care centre. Materials and methods: A total of 122 enterococci isolates collected from various clinical 

specimens except stool obtained in Clinical Microbiology Laboratory of Rama Medical College Hospital and 

Research Centre, Kanpur were processed for species differentiation. VRE were detected by MIC determination 

of vancomycin using agar dilution method. Molecular characterisation of VRE was done for detection of VanA 

and VanB genes by conventional PCR. Clinical outcome of VRE infected cases were analysed by patient 

medical records. Results: Prevalence of VRE was found to be 6.5% (8/122). (75%) 6/8 were E. faecium and 

(25%) 2/8 were E. faecalis. By AST report, among VRE, resistance to teicoplanin was 100%, that to penicillin 

was 100%, norfloxacin 100%, levofloxacin 100%, high level gentamycin (HLG) 100%, high level streptomycin 

(HLS) 87.5%, erythromycin 87.5%, ciprofloxacin 87.5%, nitrofurantoin 83.3% and that to linezolid was 12.5%. 

Gene detection by PCR showed 3 VanA and 1 VanB genes out of 8 VRE and among 5 VRE, VanA or VanB 

genes were not detected. Mortality was seen in one case of VRE, who had mixed infection with Klebsiella 

pneumoniae and was resistant to linezolid. Conclusion: Prevalence of VRE and high level aminoglycoside 

resistance among them seems high. Prudent use of vancomycin, strict enforcement of infection control policies 

in hospital and surveillance detection of VRE in hospital should be done regularly. 
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Introduction 

Antibiotic resistance shown by various bacteria 

has become a common problem to health 

community globally nowadays [1]. According to 

World Health Organisation (WHO), VRE comes 

under high priority pathogen in antibiotic 

resistance for research [2]. Moreover, widespread 

resistance may hold more consequence for India 

than for other countries because of India’s high 

bacterial disease burden [3]. 

 

More than 60% diseases are infectious in Indian 

context out of which bacterial diseases are also 

very common. Mortality rate due to bacterial 

infections is also more than 10% which is 

common in ICU [4]. Antibiotic resistance 

shown by bacteria such as VRE is one of the 

common cause of morbidity and mortality in 

India [2, 5].
 
Treatment options and effective 

antimicrobial agents for VRE are often limited 

and the possibility of the transfer of 

vancomycin-resistant genes to other Gram-

positive microorganisms also remains [6]. 

 

Despite many studies in other countries and 

only a few studies in certain parts of India [6-

9], no study has been done to observe 

prevalence of VRE and their molecular 

characterization in Kanpur (Northern India) 

tilldate. This study will include; determination 

of prevalence of VRE, reporting of antibiotic 
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susceptibility test, detection of high level 

aminoglycosides resistance among them, species 

differentiation of isolates, detection of genes 

responsible for vancomycin resistance, and to see 

the outcome of VRE infections. So, this study 

seems essential to medical and health community 

of India for infection control in hospital settings 

as well as in community. Findings of this research 

study could be highly beneficial for formulating 

antibiotic policy in the hospitals in and around 

Kanpur. 

 

Material and Methods 

After obtaining ethical approval from Rama 

Medical College Hospital- Research & Ethical 

Sub Committee, a prospective cross sectional 

study was done. Sample size was calculated by 

following formula [10]: 

Sample size (n) =  
 

where, = It is standard normal variate [at 5% 

type I error (p<0.05) it is 1.96] 

Zβ= Power of test. It is 0.84 for 80% power. 

p = Expected proportion in population based on 

previous study. According to previous studies, it 

may not more than 8%. (7)  So it is 0.08 
 

d= Expected difference of incidence from 

previous studies. So it is 0.1 
 

Now, Sample size =  = 116. 

 

According to sample size calculation, a total of 

122 Enterococci isolated from various clinical 

specimens, excluding stool, during November 

2017- May 2019 (18 months duration) were 

included in the study for determining prevalence 

of VRE. Identification of Enterococci was done 

by colony characters, Gram positive cocci in 

Gram staining, catalase test negative, hydrolysis 

of Bile esculin, tolerance to 6.5% NaCl, and 

motility test report [11].
 
Species differentiation of 

Enterococci was done according to Facklam and 

Collin’s classification [12]. Antibiotic 

susceptibility test was done by Kirby Bauer’s disc 

diffusion method according to standard guidelines 

[13]. E, faecalis ATCC 29212 was used as 

control. AST report was used to detect high level 

aminoglycoside (HLG; 120 mcg & HLS 300 

mcg) resistance also. Zone diameter equal or 

less than 6 mm for both was considered as 

high level aminoglycoside resistance (HLAR) 

[14]. Detection of vancomycin resistant 

Enterococci (VRE) was done by agar dilution 

method according to CLSI guidelines [15]. 

MIC of vancomycin equal or greater than 32 

mcg was considered as VRE. 

 

Among VRE, detection of vancomycin 

resistant genes, with special reference to 

VanA and VanB, was done using 

conventional PCR according to standard 

guidelines [16].
 
Primers used for VanA and 

VanB include; Forward  5'-

GGGAAAACGACAATTGC-3' & Reverse 5'-

GTACAATGCGGCCGTTA-3' for VanA and 

Forward 5'-ACGGAATGGGAAGCCGA-3' & 

Reverse 5'-TGCACCCGATTTCGTTC-3' for 

VanB respectively [7,17].
 
E. faecium ATCC 

700221 was used as Positive control for VanA 

and E. faecalis ATCC 51299 was used as 

positive control for VanB. 

 

Results 

Out of 3,438 samples obtained for culture and 

sensitivity within 18 month’s duration in 

Clinical Microbiology laboratory, 872 were 

culture positive. Among these 872 culture 

positive cases, 122 (13.9%) were identified as 

enterococci. Prevalence of VRE was 

determined by agar dilution method and it was 

found to be 6.5% (8/122) [Figure-1(a), Figure-

1(b)]. 75% of VRE were isolated from urine 

sample, 12.5% from blood and 12.5% from 

pus. Total of 75% VRE were isolated from 

female cases and 25% VRE were isolated 

from male cases. 

 
Fig-1(a): Pie chart showing prevalence of VRE. 
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Fig-1(b): Showing MIC of vancomycin = or > 32 by 

agar dilution method among VRE. 
 

 
 

Total 87.5% of VRE cases were isolated from 

patients having > 60 years age group and 12.5% 

of VRE cases were isolated from 31-40 years age 

group. There was no seasonal influence for 

prevalence of VRE. Total 50% VRE were 

isolated from ICU followed by 25% from 

medicine ward and 25% from surgery ward. All 

(100%) VRE were isolated from inpatients. 

Among 8 VRE, 75% were E. faecium and 25% 

were E. faecalis. 

 

Table-1: Showing AST pattern of VRE 

Name of antibiotics 
Sensitive- 

No. /8 (%) 

Resistant- 

No. /8 (%) 

Vancomycin 0 (0%) 8 (100%) 

Teicoplanin 0 (0%) 8 (100%) 

Penicillin 0 (0%) 8 (100%) 

High level gentamycin 0 (0%) 8 (100%) 

Norfloxacin 0/6 (0%) 6/6 (100%) 

Levofloxacin 0/1 (0%) 1/1 (100%) 

Ciprofloxacin 1 (12.5%) 7 (87.5%) 

High level streptomycin 1 (12.5%) 7 (87.5%) 

Erythromycin 1 (12.5%) 7 (87.5%) 

Nitrofurantoin 
1/6 

(16.7%) 

5/6 

(83.3%) 

Tetracycline 5 (62.5%) 3 (37.5%) 

Linezolid 7 (87.5%) 1 (12.5% 

 

Out of 8 VRE, according to AST report, 

resistance to teicoplanin was 100%, that to 

penicillin was 100%, norfloxacin 100%, 

levofloxacin 100%, HLG 100%, HLS 87.5%, 

erythromycin 87.5%, ciprofloxacin 87.5%, 

nitrofurantoin 83.3% and that to linezolid was 

12.5% [Table-1]. Out of 8 VRE, 3 samples 

showed presence of VanA or VanB genes & 5 

samples didn’t show VanA or VanB genes  

[Figure -2(a), 2(b), and 2(c)]. 

 
Fig-2(a): Showing L= ladder (1000 bp) in the 

centre, PC-1=Positive control for VanA (732 bp) 

in left, and PC-2=Positive control for VanB (647 

bp) in the right to the ladder. 
 

 
 
Fig-2(b): Showing VanA and VanB genes 

detected among VRE & ladder in the centre. 

L=ladder. 1,2,3=VanA positive, 4= VanB positive. 
 

 
 
Fig-2(c): Showing no VanA and VanB genes 

along with ladder kept in the centre. L=ladder, and 

5,6,7,8=negative for VanA & VanB. 
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Table-2: Showing genes detected among VRE 

with special reference to VanA & VanB. 

Gene/s Number of VRE (%) 

VanA & VanB 1/8 (12.5%) 

VanA 2/8 (25%) 

genes other than VanA or, 

VanB 
5/8 (62.5%) 

 

1 sample showed both VanA & VanB genes, 2 

other samples contain VanA genes & other 5 

VRE contain genes other than VanA or VanB 

[Table-2]. Outcome of the study showed one 

VRE infected patient died who had Linezolid 

resistance also in addition to Klebsiella 

pneumoniae infection who was getting treated 

with colistin. All other VRE infected patients 

were successfully treated with Linezolid [Table-

3]. 

 

Table-3: Showing clinical outcome of VRE 

infection 

Clinical outcome Number of VRE (%) 

Death 1/8 (12.5%) 

Treated with linezolid 7/8 (87.5%) 

 
 

Discussion 

Enterococci are one of the causative agents of 

various clinical infections such as UTI, 

bacteraemia, skin infections etc [18].
 
Prevalence 

of enterococci was found to be 13.9% in our 

study. Few other studies report prevalence of 

enterococci to be 3.5% in Ethiopia and 5.9% in 

Nigeria [19-20].
 
This similarity or difference in 

findings might be due to geographical location, 

isolation technique for bacteria in various hospital 

set-up and disease pattern in particular places 

[21]. 

 

Disc diffusion method is not considered standard 

method to determine prevalence of VRE and 

dilution method is gold standard [15]. Among 

dilution methods, agar dilution is done for 

convenience of the test [15]. Our study showed 

prevalence of VRE to be 6.5% by agar dilution 

method which is similar to findings of few studies 

on nearly places of Kanpur [7, 22]. However, 

dissimilar findings also had been reported by 

other studies in South India [6, 8-9].
 
Similarity or 

difference in hospital antibiotic policies in these 

places might be the reason for different 

prevalence of VRE in those areas. Based on 

samples, prevalence of VRE was found to be 

highest (75%) among urine samples followed 

by blood and pus (12.5% each). Similar 

reports had been published in various studies 

[6-9]. As urine was the most common sample 

obtained for culture and sensitivity followed 

by blood and pus in this study, this could be 

the reason for such findings. 

 

Based on gender, prevalence of VRE was 

found to be high among females (75%) 

compared to males (25%) in our study. As 

females were infected more with enterococci 

compared to males as more urine samples 

were obtained during study and UTI is more 

common among females, this could be the 

reason for such finding in our study. Based on 

age, prevalence of VRE was found to be high 

among old age grouped people. In this study, 

people with age group above 60 (61- above 80 

years) were mostly (87.5%) infected with 

VRE. Remaining 12.5% VRE were isolated 

from people age ranging from 31-40 years. As 

VRE are opportunistic pathogen and is more 

common among old aged people with 

immunocompromised status, this could be the 

reason for such finding. 

 

Prevalence of VRE was found to be 

independent on month or season in our study. 

Similar report had been found in other studies 

also [6-9]. However, 50% VRE were isolated 

in the summer season. This could be due to 

more number of enterococci isolated in this 

season. Sourcewise, mostly (50%) VRE were 

isolated from ICU, 25% from medicine ward 

and 25% from surgery ward. Overall, all 

(100%) VRE were isolated from inpatients [6-

9]. As serious patients are admitted in ICU 

who are more exposed to various antibiotics, 

so this could be the reason for high isolation 

rate of VRE from such patients.  

 

As hospitalised patients are mostly 

immunocompromised and enterococci are 

normal gut flora which causes endogenous 

infection among immunocompromised 

people, there is high chance of getting 

infected with drug resistant bacterial 

infections. AST pattern of VRE showed that 

all VRE (100%) were resistant to teicoplanin 

also. Further, 12.5% were resistant to linezolid 
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also. This has alarmed to medical community for 

searching another suitable antibiotic to linezolid 

resistant bacterial infections. Despite discovery of 

quinupristin and dalfopristin, as these drugs 

should be kept in reserve for MDR VRE infection 

cases, time has come to think regarding prudent 

use of new antibiotics against VRE and drug 

resistant bacteria. Moreover, resistance of VRE to 

HLG was found to be 100% and that to HLS was 

87.5% in this study. Reports of few other studies 

show similarity or variation to this finding [22-

25].  

 

This showed that HLG and HLS also has limited 

role in case of VRE infections. This is the biggest 

challenge to medical community globally. In 

addition, we found 100% resistance to 

levofloxacin for treatment of bacteremia or 

septicaemia and 83.3% resistance to 

nitrofurantoin for treatment of UTI with reference 

to VRE which is another concern for medical 

community. Various studies had shown that, 

among various species of enterococci, VRE are 

mostly E. faecium followed by E. faecalis [6-9]. 

In our study, we also found similar report. 

Among VRE, 75% were E. faecium and 25% 

were E. faecalis in our study. As E. faecium is 

common species of enterococci which is 

vancomycin resistant, sometimes E. faecalis also 

has been found to be responsible for vancomycin 

resistance [7]. 

 

In our study, we detected 2 VanA genes, 1 VanA 

and VanB genes, and 5 other VRE didn’t show 

VanA or VanB genes. Detection of VanA and 

VanB both genes in same VRE could be due 

to teicoplanin resistance along with use of 

vancomycin in past [26]. We could not detect 

gene responsible for VRE among 5 VRE cases 

as detection of genes other than VanA or 

VanB was not kept in mind during study plan 

which is limitation of our study. As linezolid 

is drug of choice for treatment of VRE 

infections, almost all (7/8) VRE were 

successfully treated with linezolid. However, 

1 VRE was resistant to linezolid which had 

mixed infection with Klebsiella pneumoniae 

and was getting treated with colistin died in 

our study. It was not possible to declare 

whether that case died due to VRE or colistin 

resistant  Klebsiella pneumoniae infection. 

 

Conclusion 

Almost all VRE were sensitive to linezolid 

except one case. Even that can be treated with 

quiniprustin and dalfopristin. However, this is 

a challenge to medical community as these 

drugs should be kept in reserve for future. So, 

prudent use of vancomycin, strict enforcement 

of infection control policies in hospital, and 

surveillance detection of VRE in hospital 

should be done regularly. 

 
Acknowledgement 

Authors are grateful to Rama Medical College 

Hospital & Research Centre, Kanpur for allowing 

us to conduct this research work. 

 
Financial Support and sponsorship: Nil          Conflicts of interest: There are no conflicts of interest.  
 

 
References

1. World Health Organization. Antimicrobial stewardship 

programmes in health-care facilities in low- and 

middle-income countries: a WHO practical 

toolkit. World Health Organization 2019 

https://apps.who.int/iris/handle/10665/329404. 

2. World Health Organization. WHO publishes list of 

bacteria for which new antibiotics are urgently needed. 

WHO 27th February 2017. https://www.who.int/news-

room/detail/27-02-2017-who-publishes-list-of-bacteria-

for-which-new-antibiotics-are-urgently-needed 

3. Laxminarayan R and Chaudhury RR. Antibiotic 

Resistance in India: Drivers and Opportunities for 

Action. PLOS Medicine 2016; 13(3):e1001974.  

4. National Commission on Macroeconomics and Health 

India. Burden of Disease in India. NCMH September 

2005. https://www.who.int/macrohealth/action/ 

NCMH_Burden%20of%20disease_(29%20Sep%20

2005).pdf 

5. Kanungo R. Rationalizing antibiotic use through a 

robust policy, antibiotic stewardship, and 

pharmacokinetic-pharmacodynamic principles. J 

Curr Res Sci Med 2018; 4:1-2. 

6. Vidyalakshmi PR, Gopalkrishnan R, 

Ramasubramanian V, Ghafur KA, Nambi PS, 

Thirunarayana MA. Clinical, epidemiological and 

Microbiological profile of patients with 

vancomycin resistant Enterococci from a tertiary 

care hospital. J Glob infect Dis 2012; 4(2):137-138. 

7. Tripathi A, Shukla SK, Singh A and Prasad KN. 

Prevalence, outcome and risk factor associated with 

vancomycin resistant Enterococcus faecalis and 

Enterococcus faecium at a tertiary care hospital in 



Al Ameen J Med Sci; Volume 14, No.1, 2021                                                                                                          Khanal LK et al 

 

 
© 2021. Al Ameen Charitable Fund Trust, Bangalore 67 

Northern India. Indian J Med Microbiol 2016;34:38-45. 

8. Gopalakrishnan R and Sureshkumar D. Changing trends 

in antimicrobial susceptibility and hospital acquired 

infections over an 8 year period in a tertiary care 

hospital in relation to introduction of an infection 

control programme. J Assoc Physicians India. 2010; 

58(Suppl): 25-31.  

9. Praharaj I, Sujatha S and Parija SC. Phenotypic and 

genotypic characterization of vancomycin resistant 

Enterococcus isolates from clinical specimens. Indian J 

Med Res 2013; 138(4):549-556. 

10. Kothari CR, Garg G. Research Methodology, Methods 

and Techniques. 3rded. New Age International 

Publishers 2015; 161. 

11. Collee JG, Fraser AG, Marmion BP, and Simmons A. 

Mackie and McCartney practical Medical 

Microbiology. 14th ed. London: Churchill Livingstone 

press 2007; 263-273. 

12. Facklam RR and Collins MD. Identification 

of Enterococcus species isolated from human infections 

by a conventional test scheme. J ClinMicrobiol. 1989; 

27:731-734.  

13. Clinical and laboratory standard institute. Performance 

standards for antimicrobial susceptibility testing. 22nd 

Information supplement. Wayne, PA: Clinical and 

laboratory standard institute, 2012. (CLSI document 

no. M100-S22). 

14. CLSI. Performance standards of Antimicrobial Disc 

Susceptibility Tests, CLSI 2012; 32 (3): 1-58.  

15. Clinical and laboratory Standard Institute. Methods for 

dilution antimicrobial susceptibility tests for bacteria 

that grow aerobically. 7th ed. Approved standard, 

Wayne, PA: Clinical and laboratory standard institute, 

2006. (CLSI document no. M7-A7). 

16. QIAGEN. DNA. Available on https://www.qiagen.com/ 

us/service-and-support/learning-hub/molecular-

biology-methods/dna/ (Accessed on 12-5-2020). 

17. Handwerger S, Raucher B, Altarac D, Monka J, 

Marchione S, Singh KV et al. Nosocomial outbreak due 

to Enterococcus faecium highly resistant to 

vancomycin, penicillin, and gentamicin. Clin Infect Dis 

1993; 16: 750-755.   

18. Sievert DM, Ricks P, and Edwards JR, Schneider A, 

Patel J, Srinivasan A et al. National Healthcare Safety 

Network (NHSN) Team and Participating NHSN 

Facilities. Antimicrobial-resistant pathogens associated 

with healthcare-associated infections: summary of data 

reported to the National Healthcare Safety Network at 

the Centers for Disease Control and Prevention 2009–

2010. Infect Control Hosp Epidemiol 2013; 34(1):1-14.  

19. Ferede ZT, Tullu KD, Derese SG and Yeshanew AG. 

Prevalence and antimicrobial susceptibility pattern of 

Enterococcus species isolated from different 

clinical samples at Black Lion Specialized 

Teaching Hospital, Addis Ababa, Ethiopia. BMC 

Res Notes. 2018; 11(1):793.  

20. Olawale K, Fadiora S, Taiwo S. Prevalence of 

hospital acquired enterococci infections in two 

primary care hospitals in Osogbo, Southwestern 

Nigeria. African Journal of Infectious Diseases 

2011; 5(2):40-46. 

21. Shrestha S, Amatya R, Shrestha RK, Shrestha R. 

Frequency of Blood Culture Isolates and their 

Antibiogram in a Teaching hospital. J Nepal Med 

Assoc 2014; 52(193):692-697. 

22. Bhatt P, Shete V, Sahni AK, Grover N, Chaudhari 

CN, Dudhat VL et al. Prevalence of high level 

aminoglycoside resistance in enterococci at a 

tertiary care centre. International J of Recent 

Scientific Research 2014; 5 (8):1515-1517.  

23. Mendiratta DK, Kaur H, Deotale V, Thamke DC, 

Narang R, Narang P. Status of high level 

aminoglycoside resistant Enterococcus 

faecium and Enterococcus faecalis in a rural 

hospital of central India. Indian J Med Microbiol 

2008; 26:369-371. 

24. Rani MS, Pradeep MS, Setty CR, Rao KV: 

Determination of High Level Aminoglycoside 

Resistance in Enterococcal Isolates in a Tertiary 

Care Hospital. Int.J.Curr.Microbiol. App.Sci 2019; 

8(6):2534-2539. 

25. Huidrom S, Narayanaswamy G, Dadlani R. 

Detection of high level aminoglycoside resistant 

pattern of Enterococci isolated from urine samples 

at a tertiay care hospital in Bengaluru. Annals of 

tropical medicine and public health 2016; 9(3): 

165-169. 

26. Cetinkaya Y, Falk P, Mayhall CG. Vancomycin-

resistant enterococci. Clin Microbiol Rev. 2000; 

13(4): 686-707. 

 

Cite this article as: Khanal LK, Sujatha R, Kumar A, 

Bhatiani A and Singh DN. A study of clinical outcome, 

prevalence and molecular characterization of 

vancomycin resistant enterococci (VRE) at a tertiary 

care centre. Al Ameen J Med Sci 2021; 14(1):62-67.  

 
This is an open access article distributed under the terms of the 

Creative Commons Attribution-Non Commercial (CC BY-NC 

4.0) License, which allows others to remix, adapt and build 

upon this work non-commercially, as long as the author is 

credited and the new creations are licensed under the identical 

terms.  

 
*All correspondences to: Dr. R. Sujatha, Professor and Head, Department of Microbiology, Rama Medical College Hospital and Research 

Centre, IIT Road, Rama City, Mandhana, Kanpur-209217, Uttar Pradesh, India. E-mail: drrsujatha2020@gmail.com 


