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Background
Enterococci have assumed great clinical importance because of their increasing
resistance to various antimicrobial agents. A common regime for treatment of
serious enterococcal infections such as septicemia is the synergistic combination of
cell wall inhibitors with aminoglycosides. However, the presence of high-level
aminoglycoside resistance in these isolates leads to synergy resistance and makes
this treatment combination ineffective.
Aim
The present study was conducted with an aim to determine the prevalence of high-
level aminoglycoside resistance among clinical isolates of enterococci at a tertiary
care centre.
Methods
This cross sectional study was carried out from December 2011 to November 2013,
in which 100 non-repetitive clinical isolates of enterococci were analyzed. High-
level gentamicin resistance (HLGR) and high-level streptomycin resistance (HLSR)
in these isolates was determined by both Kirby Bauer disc diffusion method and E-
test method.
Results
High-level gentamicin resistance was seen in 65% of the enterococcal isolates,
whereas high-level streptomycin resistance was seen in 45% isolates. High-level
aminoglycoside resistance (HLAR) was seen in 39% of the enterococcal isolates.
Conclusion
Prevalence of HLAR among enterococci was found to be 39%. This study
recommends routine testing for HLAR among enterococcal isolates using E-test
method, in order to limit their spread.
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INTRODUCTION
Enterococci are part of the normal gut flora of humans, and are
capable of causing infections, especially in the hospital
settings. Enterococci were traditionally regarded as low grade
pathogens but have emerged as an increasingly important
cause of nosocomial infections (Edwards DD, 2000 ; Sood S et
al, 2008). Furthermore, enterococci have assumed greater
importance because of their increasing resistance to various
antimicrobial agents. A common regime for treatment of
serious enterococcal infections such as septicemia is the
synergistic combination of cell wall inhibitors, such as
penicillin, ampicillin or vancomycin, with aminoglycosides
(Herman DJ et al 1991 ; Randhawa VS et al, 2004). The
addition of cell-wall inhibitor agent helps in the
aminoglycoside to penetrate the cell wall and reach the
bacterial cytoplasm, making the intrinsically resistant organism
aminoglycoside sensitive (Adhikari L, 2010). However, the
presence of high-level aminoglycoside resistance in these
isolates leads to synergy resistance and makes this treatment
combination ineffective.

High-level aminoglycoside resistance (HLAR) among
enterococcal isolates is increasingly being reported worldwide
(Papaparaskevas J et al, 2000). This poses a therapeutic
challenge to the clinicians as they are left with very few
treatment options.

This study was conducted with an aim to determine the
prevalence of high-level aminoglycoside resistance among
enterococci at a tertiary care centre using phenotypic methods.

MATERIALS AND METHODS
Isolation and identification of enterococci

A cross sectional study was carried out from December 2011
to November 2013. A total of 100 non-repetitive clinical
isolates of enterococci were identified from various clinical
samples using conventional phenotypic methods which
included Gram’s stain, colony morphology, catalase test, bile
esculin test, growth in 6.5%NaCl, mannitol fermentation,
arginine dihydrolase test, motility test, arabinose fermentation,
lactose fermentation and sucrose fermentation.
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Antibiotic susceptibility testing

Antibiotic susceptibility testing (ABST) was carried out by
Kirby Bauer disc diffusion method using Gentamicin and
Streptomycin discs of 120µg and 300µg concentration
respectively. A zone size of 6mm was considered resistant for
both gentamicin and streptomycin.

Minimum inhibitory concentration (MIC) of gentamicin and
streptomycin was determined by    E-test (bio-Merieux).

All the results were interpreted according to CLSI guidelines.
MIC ≥ 500µg/ml for gentamicin and MIC ≥ 1000µg/ml for
streptomycin was considered as high-level resistance.

RESULTS
Out of 100 isolates of enterococci, 70 were Enterococcus
faecalis and 30 were Enterococcus faecium. No other species
of enterococci were isolated. The most common clinical
sample from which enterococci were isolated was urine. The
distribution of various clinical samples is given in Fig 1.
By Kirby Bauer disc diffusion method, 53 isolates showed
high-level resistance to gentamicin and 38 isolates showed
high-level resistance to streptomycin. 32 isolates showed high-
level resistance to both gentamicin and streptomycin (Fig 2).
By E-test method, a total of 65 isolates were high-level
gentamicin resistant (HLGR) with MIC ≥ 500µg/ml and 45
isolates were high-level streptomycin resistant (HLSR) with
MIC ≥ 1000µg/ml. Out of these isolates, 39 isolates showed
high-level resistance to both gentamicin and streptomycin
(HLAR) (Fig 3). High-level aminoglycoside resistance was
seen to be more common in Enterococcus faecium as 20 out of
30 isolates (67%) were HLAR.

DISCUSSION

Enterococci colonize the bowels of more than 90% of healthy
humans. Enterococcus faecalis accounts for more than 80% of
the enterococcal isolates in clinical samples, but in recent years
Enterococcus faecium has become more common, probably
because of its greater antibiotic resistance particularly to
vancomycin (Koneman’s Colour Atlas & Textbook of
Diagnostic Microbiology, 5th ed, 1997 ; Murray BE, 1990 ;
Mollering RC Jr, 1992). For the last two decades, enterococci
have been the 3rd most common cause of hospital-acquired
infections (HAI) after E.coli and Staphylococcus aureus and
ahead of Pseudomonas aeruginosa (CDC MMWR Morb
Mortal Wkly Rep, 1986 ; Schaberg DR et al, 1991). The most
common nosocomial infections caused by enterococci are
urinary tract infections (associated with instrumentation and
antimicrobial administration) followed by intra-abdominal and
pelvic infections. They also cause surgical site infections,
bacteremia, endocarditic, neonatal sepsis and rarely meningitis
(Bailey & Scott’s Diagnostic Microbiology, 10th ed, 1998).
Enterococci show intrinsic low-level cross resistance to all
amino glycosides due to decreased uptake of antibiotics.
Therefore, there is no meaning in testing susceptibility of
clinical isolates of enterococci to low-level amino glycosides.
Acquired resistance to high level of amino glycosides can also
be present in enterococci due to genes encoding amino
glycoside modifying enzymes (AMEs).

There are three types of amino glycoside modifying enzymes
in enterococci. These are (i) N-acetyl transferases (AAC)
which catalyzes acetyl CoA-dependent acetylation of an amino
group, (ii) O-Adenyl transferases (ANT) which catalyzes
ATP-dependent adenylation of hydroxyl group, and (iii) O-
phospho transferases (APH) which catalyzes ATP-dependent
phosphorylation of hydroxyl group (Davies J et al, 1997).

A common regime for treatment of serious enterococcal
infections such as septicemia is the synergistic combination of
cell wall inhibitors, such as penicillin, ampicillin or

Fig 1 Distribution of enterococcal isolates from various clinical
samples

Fig 2 Kirby Bauer disc diffusion test showing HLGR and HLSR
isolate of E. faecium."

Fig 3 MIC determination by E-test method using gentamicin and
streptomycin E-strips showing HLAR (HLGR + HLSR) isolate of E.

faecium
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vancomycin, with amino glycosides such as streptomycin or
gentamicin (Herman DJ et al, 1991 ; Randhawa VS et al,
2004). The addition of cell-wall inhibitor agent helps in the
penetration of the amino glycoside into the bacterial
cytoplasm, making the intrinsically resistant organism amino
glycoside sensitive (Adhikari L, 2010). However, the presence
of high-level amino glycoside resistance in these isolates leads
to synergy resistance and makes this treatment combination
ineffective. Therefore, it is very important to know whether the
clinical isolate of Enterococcus species is susceptible to high
level of amino glycosides or not (Adhikari L, 2010).

In the present study, we used disc diffusion (using high
potency gentamicin 300µg and streptomycin 120µg) and MIC
determination by E-test method to detect HLAR.

In the present study, 32% isolates were found to be HLAR by
Kirby Bauer disc diffusion method as compared to 39%
isolates by E-test method. This indicates that E-test method is a
better method to confirm HLAR among enterococci because it
is possible that disc diffusion method may not detect
borderline resistance.

Out of 100 enterococcal isolates, 65% were found to be HLGR
and 45% were HLSR. Various other studies have also
indicated HLGR to be more common than HLSR in all species
of enterococci (Padmasini E et al, 2014). Among these
isolates, 39% were found to exhibit high level resistance to
both gentamicin and streptomycin (HLAR).

Only 2 species of enterococci were isolated – E. faecalis (70%)
and E. faecium (30%). However, high level aminoglycoside
resistance was seen to be more common in E. faecium (67%)
as compared to E. faecalis (33%). These results are in
concurrence with the results of other studies (Mathur P et al,
2003 ; Telkar A et al, 2012 ; Baragundi MC et al, 2010).

CONCLUSION
In the present study, the prevalence of high-level
aminoglycoside resistance among enterococci was found to be
39%, which is very high. E-test method was found to be
superior to disc diffusion method in detecting HLAR, as it is
possible that disc diffusion testing may miss a few borderline
resistant isolates. The study recommends routine testing of
enterococcal isolates for HLAR by E-test method.
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