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Isolation, Speciation and Determination of 
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ABSTRACT
Background: Enterococcus, considered a normal com-
mensal of intestinal tract is one of the fast  emerging  patho-
gen causing serious and life threatening hospital borne 
infections. This is attributed to acquisition of multi-drug re-
sistance.

Aims and Objectives: The present study was undertaken 
to isolate and characterize Enterococci from clinical speci-
mens and determine the anti-microbial susceptibility pat-
tern of these isolates.

Methods: A total of 58 Enterococcal isolates from vari-
ous clinical samples were speciated as per the scheme of 
Facklam and Collins. Anti-bacterial susceptibility pattern 
was determined by Kirby Bauer disc diffusion method with 
recommended drugs including high level aminoglycoside 
resistance. MIC for Vancomycin and Gentamicin was deter-
mined by E – test method.

Results: Of the total 58 Enterococcal isolates, 52 were 
E. faecalis and 6 E. faecium. Antibiotic susceptibility tests 
showed high level resistance to penicillin, Ampicillin, Gen-
tamicin and Streptomycin. All strains were sensitive to 
Vancomycin, Linezolid, Teicoplanin, E. faecium was more 
resistant than E. faecalis to the tested antibiotics. MIC for 
vancomycin was in range 1-4µg/ml.

Conclusions: We conclude that Enterococcal strains with 
high rate of resistance to penicillin and aminoglycosides 
are prevalent in our nosocomial setting. Therefore, there is 
an urgent need for more rational and restricted use of anti-
microbials in order to minimize the selection and spread of 
such strains.

InTROduCTIOn
Enterococci, an indigenous flora of the intestinal tract, oral 
cavity and the genito urinary tract of the humans and animals, 
are known to be relatively avirulent in healthy individuals, but 
have become important opportunistic pathogens, especially 
in hospitalized patients [1].

Recent years have witnessed increased interest in Enterococ-
ci not only because of their ability to cause serious infections 
like endocarditis, bacteremia, intra-abdominal and urinary 
tract infection, but also because of their increasing resistance 
to many anti-microbial agents [2]. Infections by Enterococci 
have traditionally been treated with cell wall active agents in 
combination with an aminoglycoside, however emergence of 

high level resistance to aminoglycosides, β lactam antibiotics 
and to vancomycin by some strains has led to the failure of 
synergistic effects of combination therapy [3, 4]. 

Although 23 species in genus Enterococcus have been rec-
ognized, most common species are E. faecalis followed by E. 
faecium. E. faecium is more resistant species than E. faecalis 
and emergence of vancomycin resistance in it has caused an 
increase in frequency of its isolations [5].

Nevertheless, the incidence of other species of Enterococci 
is underestimated because of frequent misidentification [6]. 
Hence proper identification to species level is essential for 
proper management and prevention of this bacterial infection 
in any health care institution. 
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High level gentamicin disc (120µg) and high level streptomycin 
disc (300µg) were used for detection of high level aminogly-
coside resistance in Enterococci. Among the 58 isolates, 28 
strains of E. faecalis exhibited HLGR (53.8%) and 8 strains 
showed both HLGR and HLSR (15.3%) 20 strains showed 
only HLGR and was sensitive to streptomycin (38.4%). The 
remaining 24 isolates of E. faecalis were sensitive to gentami-
cin (46%). Among 6 isolates of E. faecium 4 strains exhibited 
HLGR (66.6%) [Table/Fig-3].

Hence the present study was conducted to know the species 
prevalence and the high level aminoglycoside resistance of 
Enterococcal isolates.

MATeRIAlS And MeThOdS
The present study was conducted in the Department of 
Microbiology from June 2011 – June 2012. Various clinical 
specimens such as urine, pus, abdominal drain fluid and 
blood were processed for the isolation of Enterococci. The 
specimens were also plated on blood agar and Mac Con-
key’s agar for the isolation of concomitant organisms along 
with Enterococci.

Enterococci were identified on the basis of characteristic 
colony morphology, gram staining and catalase test, and 
confirmed by Bile – esculin hydrolysis, salt – tolerance, heat 
tolerance tests. Enterococcal strains were further identified to 
the species level by using the conventional physiological tests 
devised by Facklam and Collins [7].

Anti-microbial susceptibility testing was done by Kirby – Bauer 
disc diffusion method as per the recommendations of CLSI 
[8]. The MIC of vancomycin was determined by E-test. The 
source of media and antibiotic discs were Hi-media ltd. Stan-
dard strains E. faecalis ATCC 29212 was used as control.

ReSulTS
Result of the 250 samples tested, comprising urine – 120, pus 
– 75, body fluids – 30 and blood – 25, a total of 58 enterococ-
cal  isolates 52 –E. faecalis (89.6%) and 6 – E. faecium (10.4%) 
were obtained [Table/Fig-1]. 50 isolates were pure culture of 
Enterococci, remaining 8 isolates were associated with E.coli, 
Proteus, Pseudomonas and Staphylococcus aureus.

Entercoccus 
Species Isolated

No of Isolates Percentage (%)

E.faecalis 52 89.6

E.faecium 6 10.4

Total 58 100

[Table/Fig-1]: Total number of Enterococcus species isolated

The majority of isolates were from urine 36 (62%), E. faecalis 
34, E. faecium  2, 6 from non surgical wounds (10.3%), 8 from 
surgical wound (13.8%), 6 from blood (10.3%) and 2 from 
body fluids (3.4%).

Both E. faecalis and E. faecium exhibited 100% sensitivity for 
Vancomycin, Linezolid, Teicoplanin. Nitrofurantoin was used 
only for urinary isolates and was 100% sensitive. The resist-
ence pattern of E. faecalis: Ampicillin (54%), Penicillin (35%), 
Ciprofloxacin (54%), Ofloxacilin (54%), Gentamicin (54%), 
Streptomycin (31%) [Table/Fig-2].

[Table/Fig-2]: Antibiotic resistance percent in Enterococci by
Kirby – Bauer disk diffusion method

[Table/Fig-3]: High level aminoglycoside resistance pattern
(HLAR)

High level streptomycin disc (300µg) detected totally 16 HLSR 
strains (30.76%), 8 strains were both HLGR and HLSR, 8 
showed only HLSR (15.3%) among E. faecalis isolates. [Table/
Fig-3] 2 isolates of E. faecium (33.3%) exhibited HLSR. MIC 
of Gentamicin was performed by E-test. The strip with MIC 
range (0.064-1024µg) was used. 28 isolates of E. faecalis 
and 4 isolates of E. faecium had MIC > 512µg (resistant). MIC 
of vancomycin determined by E-test, strips with MIC range 
(0.016-256µg) was used. All 58 isolates showed MIC < 4µg 
(sensitive).

dISCuSSIOn
Enterococci are commensals of the gastrointestinal tract of 
human beings. Over the past 2 decades they have become 
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important nosocomial pathogens probably due to inherent 
resistance to antibiotics (cephalosporins), ability to adhere to 
indwelling medical devices, and ability to survive adverse envi-
ronmental conditions [9]. Correct speciation is very important 
since there is variation in resistance to antibiotics by particular 
enterococcal species [10].

In this study E. faecalis is the predominant species isolated 
(89.61%) followed by E.faecium (10.4%) in accordance with 
other studies of Gary Cotter et al., [11]; Simonson et al., [12], 
Mohammad Rahbar [13]. In contrary Baragundi Mahesh et 
al., [14] reported E. faecium as the predominant species 
(47.50%). Majority of the isolates were from urine, similar to 
other studies [15, 16]. 

This study showed E. faecium to be more resistant to ampicil-
lin than E. faecalis. this correlates with the study by Jyotsna 
Agarwal et al., [17] and Steven Gordon et al., [18]. Penicillin 
resistance was more in E.faecium than E.faecalis. In contrast 
L.A Sechi et al., reported 60% of E. faecalis isolates resistant 
to penicillin [19].

This study showed 100% sensitivity to vancomycin, teicopla-
nin and Linezolid, similar to results observed in other studies 
[20,16]. High level gentamicin resistance was seen in both E. 
faecalis and E.faecium, consistent with other studies [21, 22]. 
In our study among E. faecalis and E. faecium isolates re-
sistant pattern was more for gentamicin than streptomycin, 
which is similar to previous studies [23, 24]. E. faecium strains 
were observed to be more resistant to the tested antimicrobi-
als in accordance to studies from India and outside [20, 21].

Even though there are studies suggestive of arising resistance 
pattern to vancomycin in Enterococci [25, 3] no such pattern 
was observed in our isolates and isolates have MIC range be-
tween 1-4µg/ml for vancomycin.

COnCluSIOn
This study showed increasing high level aminoglycoside re-
sistence in hospital setting.Therfore emphasising the rational 
and restricted use of antibiotics to minimise the selection and 
spread of such strains.
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