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ABSTRACT
Introduction: Enterococci are normal commensals in 
the gastrointestinal tract, oral cavity, vagina etc. They 
are organisms of low virulence, but are known to cause 
various clinical infections. Enterococcus is considered 
as an important nososcomial pathogen because of its 
intrinsic as well as acquired antibiotic resistance. The 
increasing importance of Enterococcus is largely due 
to their resistance to many antimicrobials particularly 
intrinsically resistant Enterococci, which is the cause of 
changing pattern of Enterococcal infection resulting in 
treatment failures.

Objectives: 1. Isolation, Identification and speciation 
of Enterococci from clinical specimens by conventional 
method.  2. Determination of Antibiogram of such isolates 
of Enterococci. 

Materials and Methods:  Over a period of one year, 
3,197 various clinical specimens were processed 
and a total of 80 strains of Enterococci isolated. Such 
isolates were identified and speciated by recommended 
conventional tests and biochemical reactions. Their 
antibiotic susceptibility pattern was also determined to 
the common antibiotics by disc diffusion method as per 
the recommendations.

Results: Among the total 80 strains of Enterococci, 69 
were E.faecalis, 10 were faecium and one was durans and 
all the isolated strains were identifiable to the species 
level by conventional method. Maximum numbers of 
isolates were from urine specimen (38, 1.97%), followed 
by exudates (32, 5.54%) and blood (10, 1.40%), and 
with an overall incidence of isolation of Enterococci 
from the above said specimens is 2.5%. Among 80 
strains of Enterococci 35% were β hemolytic & 63.75% 
isolates were non hemolytic. More than 50% of the total 
isolates were resistant to Ampicillin (E.faecalis – 49.27%, 
E.faecium -90%),Penicillin(E.faecalis–49.27%, E.faecium 
-80%),Tetracycline(E.faecalis–57.97%, E.faecium -70%), 
Erythromycin(E.faecalis –53.62% , E.faecium -60%) and 
Gentamicin (E.faecalis –59.42% E.faecium -80%)  and the 
most useful antibiotic was ciprofloxacin to which 61.25% 
(E.faecalis – 62.31%, E.faecium -50% ) of the total isolates 
were sensitive. 

Conclusion: From this study it was possible to identify all 
the isolates of Enterococci to the species level by following 
conventional methods. It was observed in our study that 
there is more drug resistance to the tested antimicrobials 
among E.faecalis isolates.

InTROduCTIOn 
Reports on the role of Enterococci in infections dates back 
as early as 1906 from a case of endocarditis [1].  Enterococci 
have now emerged as nososcomial pathogens. In-spite of 
their low virulence, they are now being reported in nososcomial 
infections [2-4]. Their multidrug resistance limits the scope 
of specific antimicrobial therapy [2]. Enterococci need to be 
identified to the species level to establish the epidemiological 
patterns in hospitals [1]. Importance of Enterococci lies in their 
resistance to β-lactams and amino-glycosides; in particularly 
carrying intrinsic & acquired resistance determinants leading to 
life threatening infections [2-6]. Resistance to vancomycin and 
the emergence of vancomycin resistant Enterococci needs 
to be carefully monitored especially in tertiary care hospitals 

[7]. In a CDC survey of nososcomial infections, Enterococci 
contributed for 13.9% of hospital acquired UTI’s, next only to 
the E-coli [8,9]. Enterococci are the second most common 
cause of nososcomial wound infections & third most common 
cause of nososcomial bacteremia [6,9,10].  

Inanimate objects, ranging from rectal thermometer to air 
fluidized microsphere beds and prolonged hospital stay 
have led to increased colonization of Enterococci among 
the hospitalized patients [7]. The genus Enterococci includes 
many species [1,11], but commonly implicated species in 
human infections are E.faecalis & E.faecium [12]. Recently, 
there is an increase in the rate of isolation of E.faecium and 
other species from clinical specimens [1,8,9].
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Transfer of Van –A gene from Enterococci to other Gram 
positive bacteria is a well known property and it makes 
the treatment even more difficult in nososcomial infections 
[9,10,13].

Hence, tertiary care hospitals have to be vigilant and need 
to set up laboratory procedures to isolate, identify and 
speciate Enterococci as the first step in understanding 
their role in nososcomial infections. CDC has accorded the 
same importance to multidrug resistant Enterococci with 
that of MRSA & ESBL nososcomial pathogens. The above 
details emphasizes the need for isolation, identification and 
antibiogram determination of Enterococci from various clinical 
specimens  

OBJECTIVES OF THE STudY
This study was undertaken with the following objectives 

1.  Isolation, Identification and speciation of Enterococci from 
clinical specimens by conventional method.

2. Determination of Antibiogram of such isolates of 
Enterococci. 

MATERIALS And METHOdS 
A total of 3,197 clinical specimens, received over a period of 
18 months (June 2002 to November 2003) at the Microbiology 
Department, MMC, Mysore, India were processed, which 
included blood, urine and exudates like pus, ear discharge, 
ascitic fluid, pleural fluid, synovial fluid, CSF and corneal 
scrapings over a period of one year. However, among the 
exudates sputum, throat swab, stool and vaginal swabs were 
not processed & excluded from the study. Specimens were 
collected according to the standard recommended methods 
[9,14, 15,17,18].

Specimens were processed as follows- 
1. direct Microscopy: Smears were made from the 
specimens except blood and Gram’s staining was done to 
look for pus cells & Gram positive cocci arranged in pairs, 
short chains or discretely.

2.   Culture: Specimens were inoculated on to Blood agar 
& Mac Conkey agar as per the recommended procedures 
[14,15]. Such inoculated plates were incubated over night 
at 370C. Later the inoculated plates were examined for 
Enterococci growth as follows:

a.   Blood Agar: Presence of small translucent colonies with 
α, β & no haemolysis [14].

b.  Mac Conkey agar: tiny deep pink magenta  colored 
colonies [14].

c.  In case of urine specimen colony counting was done & only 
the significant counts were further processed [16]

3. Presumptive identification of Enterococci was done by 
colony smear & Gram’s stain, Catalase test [14,17,18], Bile-
aesculin test [14,19], Salt tolerance test [17,19-21] and Heat 
tolerance test [17,22,23] in which Enterococci are Catalase 

negative, hydrolyses the aesculin to aesculitin, tolerate the salt 
concentration of 6.5% & tolerate the temperature of 600C for 
30 minutes respectively [22,23,17]. 

4.  Speciation of Enterococci was done with the help of Motility, 
VP [24-26], Arginine hydrolysis test [20,24]. Tellurite reduction 
test [27,20,24] and sugar fermentation tests [18,15,28]. 
Results were interpreted as per the [Table/Fig-1] [28].

5. Antibiogram:  Antibiotic susceptibility testing of the 
isolated strain was carried out according to the Kirby-Bauer 
disc diffusion method as per the standard recommendations. 
Susceptibility testing was quality controlled using ATCC strains 
of S.aureus, E.faecalis, E.coli & Pseudomonas aeruginosa. 
The following discs were obtained from Himedia Lab Pvt 
limited & tested. Zone diameters were interpreted according 
to the standard guidelines 

a. Ampicillin - 10µgm

b. Penicillin - 10 µgm

c. Tetracycline -30 µgm

d. Erythromycin – 15 µgm

e. Ciprofloxacin- 5 µgm

f. Gentamicin – 10 µgm 

g. Vancomycin – 30 µgm

RESuLTS And AnALYSIS 
Total of 80 strains of Enterococci were isolated from a total of 
3197 clinical specimens processed. Over all incidence was 
found to be 2.5% approximately [Table/Fig-2]. Out of the 80 
strains 69 were E.faecalis, 10 were faecium and one was 
durans. Highest numbers of isolates were obtained from urine 
samples followed by exudates and blood. But percentage of 
isolation is more in exudates (5.54%) followed by urine (1.98%) 
& blood (1.40%) specimens [Table/Fig-2]. 

Maximum numbers of isolates i.e., 27 (33.75%) were from the 
age group 61yrs and above & least numbers of isolates i.e., 
10(12.5%) were obtained from the age group between 41 to 
60 yrs  [Table/Fig-3]. Results of our study shows that highest 
numbers of isolates were E. faecalis (86.25%) followed by 
E.faecium (12.5%) and E.durans (1.25%). Maximum numbers 
of isolates were obtained from urine samples followed by 
exudates (pus, ear discharge & Ascitic fluids) and blood 
[Table/Fig-1].

Of the isolates, 35% were β hemolytic & 63.75% isolates were 
non hemolytic. Highest β hemolytic activity was found among 
the urinary isolates (48.48%), followed by pus (33.33%) and 
blood (25%) as observed from the [Table/Fig-4&5]. Antibiotic 
susceptibility testing was done by Kirby Bauer disc diffusion 
method. Among the total isolates, resistance to Ampicillin was 
55%, Penicillin-52.5%, Tetracycline-58.75%, Erythromycin-
55%, Ciprofloxacin-38.75% & Gentamicin-61.25%. From the 
[Table/Fig-6] it is shown that the most useful antibiotics to treat 
Enterococcal infections are Ciprofloxacin to which 61.25% of 
the isolates were sensitive and Vancomycin to which all the 
isolated strains were sensitive. 
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age groups
(years) 

ables exudates urine Blood* total percentage 

M (%) F (%)

0-20 11 (44) 14(56) 5 11 9 25 31.25

21-40 7 (38.9) 11(61.1)10 10 7 1 18 22.5

41-60 4(40) 6(60)7 7 3 0 10 12.5

≥61 23(85.2) 4(14.9) 10 17 0 27 33.7

TOTAL 45(56.2) 35(43.7) 32 38 10 80

Specimens total 
no.

isolates E.faecalis E.faecium E.durans

number %

Urine 1926 38 1.98 33 4 1

Exudates 577 32 5.54 28 4 -

a. Pus 422 27 3.39 24 3 -

b. Corneal scrapings 41 - - - - -

c. Ascitic fluid 15 2 13.3 1 1 -

d. Pleural fluid 8 1 12.5 1 - -

e. Synovial fluid 2 - - - - -

f. CSF 28 - - - - -

g. Ear discharge 24 2 8.3 2 - -

Blood 694 10 1.44 8 2 0

Total isolates 3197 80 2.5 69 10 1

Species of 
Enterococci
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Faecalis  ND - + + + + + - - NA NA

Avium  - - - - NA + + + + - NA

Faecium ND - + - + + + - + NA NA

Raffinosus + - - ND NA + + + + + NA

Gallinarum ND + + + + + ± - + NA NA

Hirae + - + - NA - - - NA ± ±

Casseliflavus + + + + + + ± - + NA NA

Durans ND - + - NA - - - NA - -

Solitarius ± - + ND - + ± - - NA NA

Mundtii + - + - + + ± - + NA NA

Malodaratus - - - - NA + + + - + NA

Pseudoavium + - - ND NA + + + - - NA
[Table/Fig-1]: Speciation was done with the help of following tests and results were interpreted as per this table
ND- Not detected; NA-Not applicable; VP- Voges-Prausker’s test; PT-Potassium Tellurite Test; “+”- fermented; ‘-‘– Negative for fermentation

Among the E.faecalis isolates more than 50% of the isolates 
were resistant to Tetracycline, Erythromycin and Gentamicin. 
50.72% (35) isolates were sensitive to Ampicillin and 62.3% 
(43) isolates were sensitive to Ciprofloxacin. All the isolates 
were susceptible to vancomycin – [Table/Fig-5].

Among the E.faecium isolates 90% (9) isolates were resistant to 
Ampicillin and 50% (5) isolates were resistant to Ciprofloxacin. 
All the isolates were sensitive to vancomycin – [Table/Fig-5]. 

[Table/Fig-2]: Species distribution among different individual specimens

[Table/Fig-3]: Age and sex distribution of isolates 
*Blood isolates: 5 out of 9 isolates are from sick babies less than 3 months of age
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dISCuSSIOn 
Enterococci have been considered as the normal flora of 
the intestinal tract, oral cavity, vagina, etc. They have been 
associated with many types of infections especially as 
nososcomial pathogens. Therefore, it is important to know 
the patterns of infections caused by Enterococci and their 
Antibiogram.  This study investigated the conventional method 
of isolation, identification and antimicrobial susceptibility 
pattern of Enterococci from various clinical samples. Battery of 
tests used in the present study identified all the isolates to the 
species level. Conventional tests proposed by R.R.Facklam 
and Collins were thus successfully used for the speciation of 
Enterococci [20].

In this study highest number of isolates were obtained from 
urine specimen but percentage of isolation is more among 
the exudates which is similar to many other studies [29,30,31] 
[Table/Fig-1].

Maximum numbers of isolates were obtained from the age 
group ≥ 61 yrs with more predominance in males compared to 
females [Table/Fig-3] which is similar to other studies [32,33]. 
But in another study maximum isolates were obtained from 
age group between 21 to 40 yrs with female predominance 
[31]. 

As comparable with many studies the majority of the isolates 
were E.faecalis followed by E.faecium and one isolate was 
E.durans –[Table/Fig-2].

Hemolytic activity gives additional information on the 
pathogenic role of Enterococci and in this study, of the 
total isolates 63.75% were non hemolytic and 35% were β 
hemolytic. In a study only 5% were β hemolytic and 80% 
percent were non hemolytic [34].  Majority of the isolates 
which are β hemolytic in this study were from urine specimens 
followed by exudates.

Although the prevalence of β lactamase producing strains 
is low, all isolated strains should be tested for β lactamase 
production [35].  In the present study, such detection was not 

Specimen isolates (no) non hemolytic β hemolytic α hemolytic 

no % no %

Pus 24 16 66.66 8 33.33 -

Body fluids 2 2 - - - -

Ear discharge 2 2 - - - -

Blood 8 6 75 2 25 -

Urine 33 17 51.51 16 48.48 -

Total 69 43 62.31 26 37.69

[Table/Fig-4]: Hemolytic activity of E.faecalis in individual specimens 

[Table/Fig-5]: Hemolytic activity of E.faecium isolates

Specimen isolates (no) α hemolytic β hemolytic non hemolytic

Pus 3 - 1 2

Body fluids 1 - - 1

Urine 4 - 1 3

Blood 2 - - 2

Total 10 - 2 (20%) 8(80%)

antibiotics Disc strength total isolates E.faecalis E.faecium

r (%) S (%) r (%) S (%) r (%) S (%)

Ampicillin 10µg 44 55 36 45 34 49.27 35 50.72 9 90 1 10

Penicillin 10µg 42 52.5 38 47.5 34 49.27 35 50.72 8 80 2 20

Tetracycline 30 µg 47 58.75 33 41.25 40 57.97 29 42.02 7 70 3 30

Erythromycin 15 µg 44 55 36 45 37 53.62 32 46.37 6 60 4 40

Ciprofloxacin 5 µg 31 38.75 49 61.25 26 37.68 43 62.31 5 50 5 50

Gentamicin 10 µg 49 61.25 31 38.75 41 59.42 28 40.57 8 80 2 20

Vancomycin 30 µg - - 80 100 - - 69 100 - - 10 100

[Table/Fig-6]: Antibiogram of total isolates, E.faecalis & E.faecium spp.
S-sensitive, R-resistance
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done, however the penicillin resistance was found to be 49.27 
% in E.faecalis and 80% in E.faecium. 

In the present study, resistance to Gentamicin, which is 
commonly used in conjunction with penicillin, was found to be 
more than 50% among both E.faecalis & E.faecium isolates, 
which is comparable with the other studies [31]. This type of 
resistance leaves the clinicians with limited choice of using 
newer drugs like Linezolid, Tigecycline etc [31].

In this study it was noted that, E.faecium showed more 
resistance to the tested drugs compared to the E.faecalis 
which correlates with the other studies [36,37]. Resistance 
against Tetracycline, Erythromycin and Gentamicin among 
both types of isolated species in the present study was found 
to be more than 50%, which is comparable with other studies 
[33]. 

COnCLuSIOn
In this study the most common isolate was E.faecium followed 
by E.faecium. But recently there is change in the species 
isolated from the clinical specimens i.e., more commonly 
the faecium species are isolated. This suggests that there is 
change in the pattern of infections caused by the Enterococci. 
Vancomycin resistant strains have been increasingly reported 
from all over the world. However in the present study no such 
strains were isolated.

There is increased literature evidence showing that multi 
drug resistance is prevalent among the Enterococci around 
the world. This suggests that there should be continuous or 
periodic surveillance among the dynamics of the infections 
caused by the Enterococci at least in the hospitals at all 
levels, which will help to treat the patients effectively especially 
among the hospitalized patients. 

Prevention and control of spread of multi drug resistant 
Enterococcal infections in the hospital require a co-ordinated 
effort between the various departments and this can only 
be achieved by  educating the hospital staff, vigilant use of 
antimicrobials, early detection and  reporting by laboratories 
and immediate implementation of appropriate infection control 
measures.
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