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INTRODUCTION 

Enterococci though considered as perpetual commensal 

organisms well suited for survival in intestinal and 

vaginal tracts and the oral cavity, possess certain 

properties that can be ascribed roles in pathogenesis. The 

natural ability of enterococci to readily acquire, 

accumulate, and share extra chromosomal elements 

encoding virulence traits or antibiotic resistance genes 

lends advantages to their survival under unusual 

environmental stresses and in part explains their 

increasing importance as nosocomial pathogens.
1
 

Also enterococci have become a vexing problem in 

clinical medicine because of their ability to infect patients 

who are typically receiving antibiotic therapy for 
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unrelated underlying illness. Moreover, the acquisition of 

high level aminoglycoside resistance and vancomycin 

resistance has limited the therapeutic options available 

and infections have become extremely difficult to 

manage.
2
 They also show intrinsic resistance to a number 

of commonly used antibiotics particularly the 

cephalosporins.
3
 The ability of enterococci to cause 

disease is an intrinsic property of the organism or 

possibly subpopulations within enterococcal species. By 

altering endogenous bacterial flora, antibiotic therapy 

promotes increased colonization by antibiotic-resistant 

organisms. Therefore, antibiotic resistance and intrinsic 

virulence both contribute to disease, but in separate and 

complementary ways.
1
 

A number of studies had determined the prevalence of 

enterococci in India.
4,5

 However, only a very few studies 

focused on the prevalence of virulence factors of 

enterococci. This study was conducted to analyze the 

prevalence of Enterococcus species in various specimens 

and to correlate the virulence factors like gelatinase 

production, hemolysin production, and biofilm formation 

with antimicrobial resistance, in specific, vancomycin 

resistance and high level aminoglycoside resistance to 

guide infection control practices.  

METHODS 

All the heterogeneous clinical samples received by the 

Department of Microbiology in Aarupadai Veedu 

Medical College and Hospital, Puducherry, for a period 

of one year, from March 2010 to February 2011 in which 

enterococci was isolated were included in the study. A 

total of 126 Enterococcus species was isolated from 

various clinical samples. The genus Enterococcus was 

confirmed by Gram stain, i.e. gram positive cocci in pairs 

and short chains, esculin hydrolysis, hydrolysis of L-

pyrrolidonyl-β-napthylamide (PYR) test and salt 

tolerance.
2
 Enterococcal strains were further identified to 

species level by using conventional physiological tests 

devised by Facklam and Collins.
6
 

Test for virulence factors:  

Production of gelatinase was assessed by the ability of 

the enterococci to liquefy gelatin.
7
 Hemolysin production 

was measured by the macroscopic appearance of 

complete zone of hemolysis (beta hemolysis) in blood 

agar plate supplemented with 5% sheep blood.
8
 Biofilm 

production was assessed by Congo red agar method by 

viewing the black colour colonies and by tube method
9
 

using Brain Heart Infusion (BHI) broth and crystal violet 

(0.1% stain).  

Antibiotic susceptibility testing:  

Antibiotic susceptibility testing of the clinical isolates 

was performed using Kirby-Bauer disk diffusion method. 

Mueller-Hinton agar supplemented with 5% sheep blood 

was used.
10

 The antibiotic discs were purchased from Hi 

Media, Mumbai. The antibiotic discs and their potency 

were as follows: penicillin (10 units), gentamycin-high 

content (120 μg), streptomycin-high content (300 μg), 

ciprofloxacin (5 μg), vancomycin (30 μg), nitrofurantoin-

for urinary isolates only (300 μg), ceftriaxone (30 μg) and 

linezolid (30 μg).  

E-test was done to determine the minimum inhibitory 

concentration of vancomycin for all the clinical isolates 

of enterococci. The E-test is comprised of two strips: 

Strip A: 240-0.01 μg and Strip B: 4-0.001 μg (Hi Comb, 

MIC test, HIMEDIA laboratories).The results were 

interpreted as per NCCLS guidelines.
11

 

RESULTS 

The study of enterococci in varied infections revealed 

that out of 1746 clinical samples, enterococci accounted 

for 7.22%, isolated from urine 8.26%, pus 8.44%, blood 

0.56% and body fluids 1.28% (Table 1). 

Table 1: Prevalence of enterococci in various clinical 

materials. 

Clinical material (No.) 
No. of enterococci 

isolates (%) 

Urine (n=872) 72 (8.26) 

Pus (n=616) 52 (8.44) 

Blood (n=180) 1 (0.56) 

Ascitic fluid (n=78) 1 (1.28) 

Total (n=1746) 126 (7.22) 

They consisted of E.faecium 52.38%, E.faecalis 32.54%, 

and E.avium 15.08% (Figure 1). 

 

Figure 1: Distribution of Enterococcus species.  

They occurred more commonly in the age group of more 

than 50 years with female preponderance (Figure 2).  

Study on virulence factors revealed that 19.84% strains 

produced gelatinase, 18.25% produced hemolysin and 

73.81% produced biofilm (Table 2).  

Tube method was more sensitive for the detection of 

biofilm and 73.81 % were positive by tube method 

(Figure 3). By congored agar method, 40.47 % were 

positive (Figure 4). 
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Figure 2: Age and Sex distribution of enterococcus 

species.  

 

Figure 3: Tube test for biofilm formation (strongly 

positive, moderately positive, weakly positive, 

negative).  

 

Figure 4: Congo red agar showing black coloured 

colonies indicative of biofilm formation.  

Trends in antimicrobial susceptibility to a variety of 

agents were also determined. All the isolates were 

sensitive to linezolid (100% sensitivity) and all were 

resistant to ceftriaxone (100% resistance), 107 (84.92%) 

isolates were resistant to penicillin, 84 (66.67%) isolates 

were resistant to ciprofloxacin, 29 (40.27%) isolates were 

resistant to nitrofurantoin (for urinary isolates). High 

level resistance to gentamycin and streptomycin were 

exhibited by 6 (4.76%) and 7 (5.56%) isolates 

respectively. Isolates resistant to vancomycin was 4 

(3.17%) (Table 3) * Vancomycin resistance detected by 

Disc diffusion and E- Test. 

 

Table 2: Production of the three virulence factors in isolates from different clinical conditions. 

Clinical samples Gelatinase (%) Hemolysin (%) 
Biofilm (%) 
 

Urine (n=72) 16(22.22%) 16(22.22%) 52(72.22%) 

Pus (n=52) 8(15.38%) 7(13.46%) 39(75.0%) 

Blood (n=1) 1(100%) 0 1(100%) 

Ascitic fluid (n=1) 0 0 1(100%) 

Total (n=126) 25(19.84%) 23(18.25%) 93 (73.80%) 

 

Minimum inhibitory concentration for Vancomycin was 

studied for all the isolates. All of them were within the 

range of 2 microgram, except 4(6.06%) isolates of E. 

faecium in which MIC was in between 30 to 60 

microgram (Figure 5). 

DISCUSSION 

Despite the fact that enterococci have been considered to 

have relatively low virulence, in the past few years these 

organisms, among all nosocomial pathogens have 

emerged as a significant concern. 

Screening of various clinical specimens like pus, urine, 

blood and body fluids in our institution for a period of 

one year revealed that enterococci were prevalent in 7.8% 

of the total specimens, with wound and urine to be the 

major site of isolation (Table 1). The prevalence rate in 

our study was in accordance to the study conducted in 

Mumbai by Rupali S Shinde et al where enterococci 

caused approximately 5.5% of all infections.
12

 

But a study by Anbumani et al from Southern India
5
 

reported that enterococci were prevalent in only 2% of 

the total specimens, with urine and wound to be the major 

site of isolation similar to our study. In contrast a study 

by Desai et al
4
 stated a higher prevalence of 22.19% in 
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Northern India. He also affirmed that enterococci isolated 

from various clinical specimens do not reflect the true 

incidence of infection caused by this organism.  

The most frequent infections caused by enterococci are 

urinary tract infections. The second most frequent 

enterococcal infections generally have been intra-

abdominal and pelvic abscesses or post-surgery wound 

infections.
13

 However, the role played by enterococci in 

these cases has not been fully defined, since infections of 

surgical wounds and of the urinary tract often resolve 

without specific therapy. 

In this study the prevalence rate of enterococci in pus 

sample was 8.44% and in urine was 8.22% (Table 1). A 

study by Orett et al also showed a similar prevalence rate 

of 11 % in urine.
14

 

Longer hospital stay and immunocompromised 

conditions are known risk factors for nosocomial 

infections like enterococcal infections.
13

 Among the 

hospitalized patients the post-surgical patients have 

longer hospital stay and have more chance of cross 

infection. So it may be the cause for higher incidence of 

enterococcal isolation from surgical ward samples. 

 

 

 

Table 3: Antibiotic resistance pattern in Enterococcus species. 

Antibiotics E. faecalis (n=41) E. faecium (n=66) E. avium (n=19) Total No. of isolates, n=126(%) 

No (%) No (%) No (%) 

Penicillin 31 75.61 63 95.45 13 68.42 107(84.92) 

Gentamycin 

(120 ug) 

0 0 6 9.09 0 0 6 (4.76) 

Streptomycin 

(300 ug) 

0 0 7 10.60 0 0 7 (5.56) 

Ciprofloxacin 28 68.30 42 63.64 14 73.68 84 (66.67) 

Vancomycin* 0 0 4 6.06 0 0 4 (3.17) 

Nitrofurantoin 

(n=72) 

7 (n=25) 28.0 19 (n=41) 46.34 3 (n=6) 50 29 (40.27) 

Ceftriaxone 41 100 66 100 19 100 126 (100) 

Linezolid 0 0 0 0 0 0 0 (0) 

 

 

Figure 5: E Test for determination of minimum 

inhibitory concentration (MIC) for vancomycin. 

Epidemiologic studies appear to conflict with respect to 

the association between enterococcal species and disease. 

Historically, the ratio of infections due to E. faecalis to 

those due to all other Enterococcus species was 

approximately 10:1. In recent years, there has been a 

progressive decline in this ratio of enterococcal 

infections. In our present study also, E. faecium (52.3%) 

was more common than E. faecalis (32.5%). Yet another 

study in Mumbai also stated that E. faecium was more 

prevalent than E. faecalis.
15

 This microbiologic shift is 

likely to be explained in part by the emergence of VRE, 

in particular, the predominance of the species E. faecium 

among this subset of enterococcal isolates. 

In general, enterococcal infections are distributed equally 

between the sexes. Although urinary tract infections are 

more common in healthy women than in healthy men, 

enterococci are an uncommon cause of uncomplicated 

cystitis in our settings. In accordance in our present study 

the incidence in females (53.17%) were found to be 

slightly increased as compared to the males (46.83%). 

This is partly in accordance with a study conducted by 

Katharine Bar et al
16

, who stated that 50% of their cases 

were females. 

Virulence among enterococci appears to have evolved in 

a mode and tempo that are no different from the 

emergence of pathogenic lineages of other species. 

Enterococci virulence factors include the phenotypic 

markers gelatinase, hemolysin, and biofilm formation. 

Hemolysin is a cytolytic protein capable of lysing human, 

horse, and rabbit erythrocytes. Gelatinase is a protease 

produced by E. faecalis that is capable of hydrolyzing 

gelatin, collagen, casein, hemoglobin, and other peptides. 
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Hemolysin and gelatinase producing strains of 

enterococcus might play a role in virulence and 

associated with increased severity of infection.
17

  

The incidence of hemolysin and gelatinase production in 

our study was 18.25% and 19.84% respectively. This was 

similar to the study conducted by Masoud Alebouyeh et 

al
8
 who demonstrated the hemolysin and gelatinase 

production as 16.4% and 12% respectively, in clinical 

isolates. However Coque et al
17

 reported a significantly 

higher frequency of gelatinase positive phenotype in 

clinical isolates that is 54% of endocarditis isolates and 

58% of nonendocarditis clinical isolates. His study also 

showed that as many as 16% of the infection-derived 

Enterococcus isolates were hemolytic. All of the isolates 

we studied were clinically virulent, because all were 

associated with bacteremic illness. However the 

significance of these factors in the pathogenesis of 

enterococcal infection needs to be elucidated in further 

studies.  

Biofilm production is an important factor which helps the 

organism to adhere onto surfaces, which facilitates later 

in invasion and causing infection. The ability to form 

biofilm on medical devices is a potential virulence trait 

that may allow enterococci to cause infections in the 

expanding population of patients managed with such 

devices. In the present study 73.61% of the enterococcal 

isolates formed biofilm. According to the National 

Institutes of Health, biofilms are medically important, 

accounting for >60% of microbial infections in the 

body.
18

 

In our study by means of tube method, 93 (73.81%) 

isolates were positive by biofilm formation; while only 

51 (40.47%) isolates were positive by congored agar 

method and 33 (26.19%) were negative by both methods. 

Also in the present study, by congored agar method very 

different results were obtained, 59.52% of the strains 

displayed red (pink to orange) colonies while 40.47% of 

the isolates showed black colonies, but no dry crystalline 

morphology was observed.  

Although, there are many studies related to methods 

which are used to determine the biofilm production in 

bacteria, very few data exist on comparison of the biofilm 

screening methods for enterococcus. However the use of 

CRA test for determination of S. aureus biofilm 

formation yields inconsistent results. Mathur et al
9
 tested 

152 clinical isolates of staphylococci by three in vitro 

screening procedures (tissue culture plate, TM and CRA) 

for their ability to form biofilm. CRA method showed 

very little correlation with either of the two methods and 

the parameters of sensitivity (6.8%), specificity (90.2%) 

and accuracy (40.9%) were found as very low. Moreover 

in our study also, the diversity in colony colours by CRA 

(from red to pink or white) was variable and sometimes it 

was difficult to differentiate. Therefore, based on our 

results we are unable to recommend CRA to screen for 

biofilm formation. 

The prevalence of three virulence factors namely biofilm, 

gelatinase and hemolysin was compared and contrasted 

(Table 2). Nosocomial strains of organisms develop 

various mechanisms in colonizing to cause infection. 

Biofilm production is an important factor which helps the 

organism to adhere onto surfaces, which facilitates later 

in invasion and causing infection. This study shows that 

more than 70% of the isolates produced biofilm 

formation. 

A comparative study among the different clinical isolates 

with respect to production of the three virulence factors 

shows that biofilm production is very high (more than 

70%) among isolates grown from urinary tract infection 

and wound infection. Thus we can say that the biofilm 

production in nosocomial strains of organisms is an 

important pathogenic factor in causing infection in the 

hospital environment. Other virulence factors also have a 

role in the occurrence of infection and in the clinical 

outcome. 

Enterococci are intrinsically resistant to many 

antimicrobial agents and this intrinsic resistance to 

commonly used antimicrobial agents may have allowed 

them a cumulative advantage for further acquisition of 

genes encoding high-level resistance to aminoglycosides, 

penicillins, tetracycline, chloramphenicol, and now 

vancomycin.  

Penicillin resistance has increased in the recent years. In 

the present study (Table 3), 107 (84.92%) enterococcal 

strains showed penicillin resistance. This was similar to a 

study in India where they showed 89.43% isolates 

resistant to pencillin.
3
 However in a cross sectional study 

Simonsen et al
19

 stated E. faecalis isolates were 

uniformly susceptible to ampicillin, and also only 40% of 

E. faecium isolates were resistant to ampicillin. Because 

penicillin is the main stay of therapy for infections due to 

enterococci, the organism’s development of high level 

resistance to this drug would have important clinical 

implications. 

Combination therapy with cell wall active agent 

(penicillin, ampicillin and vancomycin) and 

aminoglycoside (gentamycin or streptomycin) is 

recommended for the treatment of serious enterococcal 

infections. But high level resistance to aminoglycoside 

could nullify this combination. Therefore to distinguish 

this high level aminoglycoside resistance strains from 

simple intrinsic resistant strains is of utmost importance. 

Streptomycin and gentamycin resistance in the present 

study was 5.56% and 4.76% respectively (Table 3). All 

the resistant strains belonged to E. faecium alone. In India 

(Nagpur), a study by Agarwal et al
20

 reported a 

prevalence of high level gentamicin resistance in 

enterococci to be 12% whereas high level streptomycin 

resistance was reported to be 24.7%. However in two 

other studies conducted in Delhi, 36% of E. faecium and 
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50% of E. faecalis isolates exhibited HLAR
21

, and in 

another study 73.3% of HLAR isolates were detected.
22

  

The emergence of vancomycin resistant enterococci 

(VRE) is a cause for concern because of the limited 

therapeutic options for treating serious infections and 

because of their potential to transfer vancomycin-

resistance genes to other organisms, such as methicillin-

resistant Staphylococcus aureus. Also, VRE has spread 

throughout the world to become a major cause of 

nosocomial infections. Moreover infections due to VRE 

may be associated with greater morbidity, mortality, 

lengths of stay and hospital costs than those due to 

vancomycin-susceptible enterococci (VSE) and 

independent of co-morbid conditions that may have led to 

infection.
23

 

In our study, determination of vancomycin resistance was 

performed in all the 126 isolates of enterococci by disc 

diffusion assay and MIC by E-test. The E-test is a new in 

vitro susceptibility testing method used for quantitative 

determination of susceptibility to antimicrobial agents. E-

test technology is based on the diffusion of a defined 

continuous antimicrobial gradient from a thin plastic 

strip, producing an organism inhibition ellipse whose 

intercepts with the graded test carrier indicate MICs.
24

 

All the isolates of E. faecalis, 41(100%) and E. avium, 

19(100%), minimum inhibitory concentration (MIC) for 

vancomycin were less than 2 microgram. Whereas, 

among the 66 isolates of E. faecium, 62 (93.94%), MIC 

was less than 2 microgram, while the remaining 4 

(6.06%) MIC was in between 30 to 60 microgram (Figure 

6). Only 4 isolates of E. faecium were resistant to 

vancomycin both by disk diffusion and E-test, which is 

only 3.17 % were resistant to vancomycin of MIC value 

in between 30 to 60 microgram. It indicates that 

vancomycin resistance is low in our region which was in 

accordance to a study conducted by Ragandale et al.
3
 

Other antibiotics like ciprofloxacin and nitrofurantoin 

showed high resistance (Table 3). Resistance was 66.67% 

for ciprofloxacin and 40.27% for Nitrofurantoin. This 

was in accordance with the study conducted by Vittal P 

Prakash et al
25

 who found ciprofloxacin resistance to be 

63%. All the isolates were resistant to Ceftriaxone (Table 

3). This is due to factor that all the enterococci exhibit 

intrinsic resistance to cephalosporins.
13

 In the present 

study 100% sensitivity to linezolid was observed (Table 

3). This was in accordance with the study conducted by 

Gupta V et al.
26

 Linezolid may be of utmost utility for 

multidrug resistant strains. 

CONCLUSION 

This study confirms the worldwide trend in increasing 

occurrence of enterococci and the emerging pattern of 

antimicrobial resistance among such isolates. Our study 

demonstrated that E. faecium is now emerging as the 

predominant enterococcal isolate from human infections 

and thus the changing epidemiology of enterococcal 

infections. Biofilm was the most common virulence 

factor seen in our isolates. Given the growing importance 

of Enterococcus species as nosocomial pathogens the 

identification of virulence factors associated with 

enterococcal invasiveness and disease severity will be an 

important subject of future investigations. Development 

of other mechanisms like blocking of Enterococcal 

biofilm production or inhibiting the action of other 

virulence factors may provide an alternate method of 

therapy in the face of antimicrobial resistance infections. 

Finally the problem of VRE may not be very high in 

India as also seen in our institution at present but 

monitoring of VRE is the need of the hour since it 

appears to be an emerging pathogen in India. 

ACKNOWLEDGEMENTS 

Authors sincerely thank all the faculty and staff of 

Department of Microbiology, Aarupadai Veedu Medical 

College and Hospital, Puducherry, for their constant 

support. Authors also acknowledge the immense help 

received from the scholars who articles are cited and 

included in references of this manuscript. The authors are 

also grateful to authors/editors/ publishers of all those 

articles, journals and books from where the literature for 

this article has been reviewed and discussed. 

Funding: No funding sources 

Conflict of interest: None declared 

Ethical approval: The study was approved by the 

Institutional Ethics Committee 

REFERENCES 

1. Murray BE. The life and times of the Enterococcus. 

Clin Microbiol Rev 1990;3:46-65.  

2. Karmarkar, M.G, Gershom, Edwin S, Mehta, P.R, 

Enterococcal infections with special reference to 

phenotypic characterization & drug resistance. 

Indian Journal of Medical Research, May 2004. 

3. RagandoleVA, Agarwal G, Jalgaonkar SV. Study of 

Antimicrobial Resistance in Enterococci. Indian J 

Med Microbiol Dec 2007,pp 286-287. 

4. Desai PJ, Pandit D, Mathur M, GogateA, 

Prevalence, identification and distribution of various 

species of enterococci isolated from clinical 

specimens with special reference to urinary tract 

infection in catheterized patients. Indian J Med 

Microbiol 2001;19:132-7. 

5. Anbumani Narayanaswamy, Rajalakshmi K, 

Mallika Varadharajan, Speciation and antimicrobial 

susceptibility pattern of Enterococci from a tertiary 

health care center of south India. Journal of 

Pharmacy Research 2011,4(4),989-990. 

6. Facklam RR and Collins MD: Identification of 

enterococcus species isolated from human infections 

by a conventional test scheme, Journal of clinical 

microbiology, apr.1989,pp 731-734. 



Jayavarthinni M et al. Int J Res Med Sci. 2015 Oct;3(10):2623-2629 

                                                     International Journal of Research in Medical Sciences | October 2015 | Vol 3 | Issue 10    Page 2629 

7. Andrea Marra, Fadia Dib-Hajj, Lucinda Lamb, 

Frank Kaczmarek, Wenchi Shang1, Gretchen 

Beckius, Anthony J. Milici, Ivette Medina, Thomas 

D. Gootz Enterococcal virulence determinants may 

be involved in resistance to clinical therapy. 

Diagnostic Microbiology and Infectious Disease. 

2007;58:59–65. 

8. Masoud Alebouyeh, Nour Amirmozafari and Homa 

Forohesh. Evaluation of Virulence Factors and 

Plasmid-Related Transmissibility among Different 

Isolates of Enterococci. Iranian Biomedical Journal 

2005;9(2):51-5. 

9. Mathur T, Singhal S, Khan S, Upadhyay DJ, Fatma 

T, Rattan A. Detection of biofilm formation among 

the clinical isolates of staphylococci: an evaluation 

of three different screening methods. Indian Journal 

of Medical Microbiology. 2006;24(1):25-9. 

10. Luna Adhikari, High-level aminoglycoside 

resistance and reduced susceptibility to vancomycin 

in nosocomial enterococci. Journal of global 

infectious diseases 2010;2(3):231-5. 

11. Upadhyaya PG, Ravikumar KL, Umapathy BL. 

Review of virulence factors of Enterococcus: An 

emerging nosocomial pathogen. Indian J Med 

Microbiol 2009;27:301-5. 

12. Rupali S Shinde, Geeta V Koppikar, Seema 

Oommen Characterization and antimicrobial 

susceptibility pattern of clinical isolates of 

Enterococci at a tertiary care hospital in Mumbai, 

India. Annals of tropical medicine and public health, 

2012;5(2):85-8. 

13. Marothi YA, Agnihotri H, Dubey D, Enterococcal 

Resistance – An Overview, Indian Journal of 

Medical Microbiology. 2005;23(4):214-9. 

14. Fitzroy A. Orrett and Ehlich Connors, Enterococcal 

Urinary tract infections eight years’ experience at a 

regional hospital in Trinidad West Indies, Chinese 

Medical Journal. 2001;114(1):90-2. 

15. De A, Bindlish A, Kumar S, Mathur M, 

Vancomycin resistant enterococci in a Tertiary Care 

Hospital in Mumbai. Indian Journal of Medical 

Microbiology. 2009;27(4):375-6. 

16. Katharine Bar, Hilmar Wisplinghoff, Richard P 

Wenzel, Gonzalo ML Bearman and Michael B 

Edmond, Systemic inflammatory response 

syndrome in adult patients with nosocomial 

bloodstream infections due to enterococci, BMC 

Infectious Diseases, 2006,6:14 

17. Coque, T. M., J. E. Patterson, J. M. Steckelberg, and 

B. E. Murray. 1995. Incidence of hemolysin, 

gelatinase, and aggregation substance among 

enterococci isolated from patients with endocarditis 

and other infections and from feces of hospitalized 

and community-based persons. J. Infect. Dis. 

171:1223–9. 

18. Lewis, K. 2001. Riddle of biofilm resistance. 

Antimicrob. Agents Chemother.45:999–1007. 

19. Simonsen G S, Småbrekke L, Monnet D L, 

Sørensen T L, Møller J K, Kristinsson K G, 

Lagerqvist-Widh A, Torell E, Digranes A, Harthug 

S and Sundsfjord A, Prevalence of resistance to 

ampicillin, gentamicin and vancomycin in 

Enterococcus faecalis and Enterococcus faecium 

isolates from clinical specimens and use of 

antimicrobials in five Nordic hospitals. Journal of 

Antimicrobial Chemotherapy. 2003;51:323–1. 

20. Vandana A. Agarwal, Yogyata I. Jain, AA Pathak, 

Concomitant High Level Resistance to penicillin 

And Aminoglycosides in Enterococci at Nagpur, 

Central India, Indian Journal of Medical 

Microbiology, (1999) 17 (2):85-87. 

21. Kapoor L, Randhawa VS, Deb M. Antimicrobial 

resistance of enterococcal blood isolates at a 

pediatric care hospital in India. Jpn J Infect Dis 

2005;58 :101-3. 

22. Mohanty S, Jose S, Singhal R, Sood S, Dhawan B, 

Das BK, et al. Species prevalence and antimicrobial 

susceptibility of enterococci isolated in a tertiary 

care hospital of north India. Southeast Asian J Trop 

Med Public Health 2005;36:962-5. 

23. Stosor V, Peterson LR, Postelnick M, Noskin GA. 

Enterococcus faecium bacteremia: does vancomycin 

resistance make a difference? Arch Intern Med 

1998;158(5):522-7. 

24. Sanchez ML, Barrett MS, Jones RN. The E-test 

applied to susceptibility tests of gonococci, multiply 

resistant enterococci and Enterobacteriaceae 

producing potent betalactamases. Diagn. Microbiol. 

Infect. Dis. 1992;15:459-64. 

25. Vittal P. Prakash, Sambasiva R. Rao and Subash C. 

Parija, Emergence of unusual species of enterococci 

causing infections, South India, BMC Infections 

Diseases 2005; 5:14/1417-2334. 

26. Gupta V, Singla N. Speciation and Antimicrobial 

Resistant pattern of enterococci in a tertiary care 

centre in north India, Journal of Clinical and 

Diagnostic Research. 2007;5:385-9. 
 

 

 

 

 

 

 

Cite this article as: Jayavarthinni M, Kannaiyan K, 

Abarna V, Sindhanai V, Sethumadhavan K. 
Phenotypic speciation of enterococci with special 

reference to prevalence, virulence and antimicrobial 

resistance. Int J Res Med Sci 2015;3:2623-9. 


