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ABSTRACT

Background: Enterococci have assumed great clinical importance because of their increasing
resistance to various antimicrobial agents. Thus, knowledge about the antibiogram of
these multidrug resistant isolates is of utmost importance in formulating an effective
antibiotic policy to treat these infections and reducing the morbidity and mortality. Aim of
this study was to assess the antimicrobial resistance pattern of enterococci and determine
the prevalence of multidrug resistance among them.
Methods: This cross sectional study was carried out from August 2011 to February 2014, in
which 200 non-repetitive clinical isolates of enterococci were included. Antimicrobial
susceptibility testing was done by disc diffusion method. Minimum inhibitory concentra-
tion (MIC) of gentamicin, streptomycin, vancomyecin, teicoplanin and linezolid was deter-
mined by E-test method.
Results: The prevalence of multidrug resistance among enterococcal isolates was found to
be 63%. Varying levels of resistance was seen to various antibiotics. Most of the isolates
were resistant to penicillin (95%), ampicillin (95%) and cotrimoxazole (90%). High level
aminoglycoside resistance (HLAR) and glycopeptide resistance was seen in 39% and 14%
isolates respectively. Only 4 isolates (2%) were found to be resistant to linezolid.
Conclusion: The prevalence of multidrug resistance among enterococci was found to be 63%,
the resistance being more common in Enterococcus faecium as compared to Enterococcus
faecalis. The study highlights the emergence and increased prevalence of multidrug resis-
tant enterococci which pose a serious therapeutic challenge.
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Introduction

Enterococci are a part of the normal human fecal flora. Over
the past few decades, they have evolved from being an in-
testinal commensal organism of little clinical significance to
becoming one of the most common nosocomial pathogens
associated with significant morbidity and mortality.”? The
enterococci are now receiving increased attention because of
its resistance to multiple antimicrobial drugs, which probably
explains a large part of its prominence in nosocomial in-
fections. The most common nosocomial infections caused by
enterococci are urinary tract infections followed by surgical
site infections.> ® Development of antimicrobial resistance in
enterococci has posed enormous challenges for clinicians in
recent years. Prolonged stay in hospital, empirical use of an-
tibiotics and lack of sufficient information and programs to
control rapid spread of enterococci has led to increased mor-
tality caused by enterococcal infections.®

The antimicrobial therapy of enterococcal infections is
problematic because of the inherent resistance shown by
enterococci to several commonly used antibiotics such as
cephalosporins, low-level aminoglycosides, low-level clinda-
mycin, trimethoprim-sulfamethoxazole. This problem is
amplified because of their acquired resistance to all currently
available antibiotics that leaves the clinicians with very
limited treatment options and results in the selection and
spreading of multidrug-resistant (MDR) strains in hospitals.®®

Complete antimicrobial susceptibility testing and knowl-
edge of the antibiogram is extremely essential to formulate
therapeutic approach for the treatment of enterococcal in-
fections in order to control the spread of such multidrug
resistant bacteria.

This study was conducted with an aim to determine the
antimicrobial resistance pattern and the prevalence of
multidrug resistance among enterococcal isolates at a tertiary
care centre.
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Materials and methods

Isolation and identification of enterococci: A cross sectional
study was carried out from August 2011 to February 2014. A
total of 200 non-repetitive clinical isolates of enterococci from
various clinical specimens received in a microbiology labora-
tory of a tertiary care centre were obtained. These isolates
were identified at the species level with the help of conven-
tional phenotypic methods which included Gram's stain, col-
ony 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.

Antimicrobial susceptibility testing: All enterococcal iso-
lates were tested for their susceptibility to various antibiotics
by Kirby Bauer disc diffusion method. For high level amino-
glycoside resistance testing, high-level gentamicin disc of
120 pg and high-level streptomycin disc of 300 pg was used.
Minimum inhibitory concentration (MIC) of gentamicin,
streptomycin, vancomycin, teicoplanin and linezolid was also
determined by using E-test method (Figs. 1-3). All the results
were interpreted according to the Clinical and Laboratory
Standards Institute (CLSI) guidelines.

Results

In the present study, the age of the patients from whom
enterococci were obtained varied from 19 years to 78 years of
age. Maximum number of cases was from age group more
than 60 years comprising 30.5% of total cases followed by
21-30 years (25%) and age group 31—40 yrs (23.5%). It was
noticed that amongst the 200 isolates, 108 samples were from
female patients and 92 samples were from male patients.
Male to female ratio was 0.85:1. Table 1 shows the age and sex
wise breakup of the various isolates of enterococci. In this
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Fig. 1 — E-test showing high-level gentamicin and high-level aminoglycoside resistance.
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Fig. 2 — E-test showing vancomycin and teicoplanin resistant enterococcal isolate.

study, 54 patients from whom enterococci were isolated were
from ICU, 80 from various wards and 66 were from OPD
(Fig 4).

Out of 200 isolates, 150 were Enterococcus faecalis and
50 were Enterococcus faecium. No other enterococcal species
were isolated. The most common clinical sample
from which enterococci were isolated was urine (114),
followed by pus (32), blood (28) and others (Fig 5). The uri-
nary isolates which fulfilled the criteria for significant
bacteriuria were only included in the study and processed
further and other isolates which did not fulfill the criteria
for significant bacteriuria were regarded as colonizers and
discarded.

Out of these 200 isolates, 195 isolates (97.5%) were resistant
to both penicillin and ampicillin, 190 (95%) were resistant to
cotrimoxazole, 124 (62%) were resistant to ciprofloxacin and
102 (51%) were resistant to Levofloxacin (Fig 6).
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A total of 106 (53%) isolates were resistant to high-level
gentamicin and 76 (38%) were resistant to high-level strepto-
myecin by disc diffusion method and 64 isolates were resistant
to both. However, by E-test method, a total of 130 isolates
(65%) were high-level gentamicin resistant (HLGR) with
MIC > 500 pg/ml and 90 isolates (45%) were high-level strep-
tomyecin resistant (HLSR) with MIC > 1000 pg/ml. Out of these
isolates, 78 isolates were found to be high-level aminoglyco-
side resistant (HLAR) as they showed high-level resistance to
both gentamicin and streptomycin.

28 isolates (14%) were found to be resistant to both glyco-
peptides, i.e. teicoplanin and vancomycin by the disc diffusion
method as well as E-test method. Only 4 out of 200 isolates
(2%) were found to be linezolid resistant by both disc diffusion
and E-test method.

It is seen that the resistance to all the antimicrobials is
more common in E. faecium as compared to E. faecalis (Table 2).

Fig. 3 — E-test showing linezolid resistant isolate of Enterococcus faecium.
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Table 1 — Age and sex wise distribution of patients from
whom enterococci were isolated.

Age Male Female Total %
Upto 10 yrs = = 0
11-20 yrs 05 04 09 4.5
21-30yrs 24 26 50 25
31-40 yrs 14 33 47 235
41-50 yrs 05 08 13 6.5
51-60 yrs 08 12 20 10
Above 60 yrs 36 25 61 30.5
Total 92 108 200 100
Discussion

Enterococci colonize the bowels of more than 90% of healthy
humans. E. faecalis accounts for more than 80% of the
enterococcal isolates in clinical samples, but in recent years E.
faecium has become more common, probably because of its
greater antibiotic resistance to multiple antibiotics.>*° For the
last two decades, enterococci have been the 3™¥most common
cause of hospital-acquired infections (HAI) after E.coli and
Staphylococcus aureus and ahead of Pseudomonas aeruginosa.”°
The most common nosocomial infections caused by entero-
cocci are urinary tract infections (associated with instru-
mentation and antimicrobial administration) followed by
intra-abdominal and pelvic infections. They also cause sur-
gical site infections, bacteremia, endocarditis, neonatal sepsis
and rarely meningitis.> > %2

As shown in Fig 5, the most common clinical sample from
which enterococci were isolated was urine (57%) followed by
pus (16%), blood (14%), tracheal aspirate (4%), semen (4%), bile
fluid (4%) and CSF (1%). In other studies also, urine was the
most common sample yielding enterococci, such as, Mathur
et al*® obtained 49%, Karmarkar et al** obtained 50% and Udo
et al’® obtained 36.6% of enterococci from urine samples.

In various studies, E. faecalis has been the predominant
enterococcal species accounting for 80—85% of clinical iso-
lates, followed by E. faecium which accounts for about 10—-15%
of clinical isolates.”” In the present study, various phenotypic
tests were used to identify the species of the enterococcal
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Fig. 4 — Ward-wise distribution of enterococcal isolates.
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Fig. 5 — Sample-wise distribution of enterococcal isolates.
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isolates. Correct speciation is important since there is varia-
tion in antibiotic resistance by different species. In the present
study, out of 200 isolates, 150 (75%) were E. faecalis and 50 (25%)
were E. faecium.

In the present study, 195 (97.5%) isolates were resistant to
penicillin and ampicillin. However, Mathur et al*® reported
66% isolates to be resistance to ampicillin. Not much differ-
ence was seen between the resistance of E. faecalis and E.
faecium to both penicillin and ampicillin. Flouroquinolone
resistance, in the present study, was found to be 51-62%.
Similarly, Kapoor et al*® reported 72% strains resistant to
ciprofloxacin by disk diffusion method. Resistance to fluo-
roquinolones was more common in E. faecium as compared to
E. faecalis (Table 2).

Enterococci show intrinsic low-level cross resistance to all
aminoglycosides due to decreased uptake of antibiotics.
Therefore, there is no meaning in testing susceptibility of
clinical isolates of enterococci to low-level aminoglycosides.
Acquired resistance to high level of aminoglycosides can also
be present in enterococci due to genes encoding amino-
glycoside modifying enzymes (AMEs).

High-level resistance to aminoglycosides (HLAR) is of great
clinical concern, since it eliminates synergy with cell wall
active antibiotics, which renders treatment of serious
enterococcal infections difficult.® Out of 200 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.” 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. Moreover, both HLGR and HLSR were seen to be
more common in E. faecium (62%—76%) as compared to E.
faecalis (39.3%—61.3%). These results are in concurrence with
the results of other studies.'*'%*°

In the present study, 28 (14%) isolates were found to be
vancomycin and teicoplanin resistant by disk diffusion
method. MICs of vancomycin and teicoplanin for all isolates
were determined by the E-test method. All the 28 isolates
showed high level resistance to both vancomycin and teico-
planin (MIC > 256 ng/ml) by E-test. 22 out of 50 isolates (44%) of
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Fig. 6 — Antibiogram of enterococcal isolates.

E. faecium and 6 out of 150 isolates (4%) of E. faecalis were found
to be resistant to vancomycin and teicoplanin. It has also been
found in various studies that E. faecium accounts for far fewer
clinical enterococcal isolates than E. faecalis, but it is far more
resistant to glycopeptides. In a study conducted by Deshpande
et al,® less than 2% of E. faecalis were found to be resistant to
vancomycin, whereas 52% of the E. faecium isolates were
resistant to vancomycin. The frequency and extent of glyco-
peptide resistance in this study were much higher compared
to those of previous reports from India.?® *?

Linezolid has demonstrated good anti-enterococcal activ-
ity. However, the emergence of linezolid resistance in
enterococci is an alarming problem in the treatment of VRE
infections.’?? In the present study, 4 out of the 200 (2%) iso-
lates were found to be resistant to linezolid by disk diffusion
method and by E-test method.

Multidrug resistance is defined as resistance to at least one
agent of the three antimicrobial classes.”® In the present
study, the prevalence of multidrug resistant (MDR) entero-
cocci was found to be 63% (126/200), which is higher as
compared to study by Deshpande et al.® The multidrug

Table 2 — Species-wise distribution of enterococcal

isolates showing antimicrobial resistance pattern.

Antibiotics E. faecalis E. faecium Total
(n = 150) (n=50) (n = 200)
Penicillin 146 (97.3%) 49 (98%) 195 (97.5%)
Ampicillin 146 (97.3%) 49 (98%) 195 (97.5%)
Cotrimoxazole 142 (94.7%) 48 (96%) 190 (95%)
Ciprofloxacin 87 (58%) 37 (74%) 124 (62%)
Levofloxacin 70 (46.7%) 32 (64%) 102 (51%)
High-level gentamicin 92 (61.3%) 38 (76%) 130 (65%)
High-level streptomycin 59 (39.3%) 31 (62%) 90 (45%)
Vancomycin 06 (4%) 22 (44%) 28 (14%)
Teicoplanin 06 (4%) 22 (44%) 28 (14%)
Linezolid 01 (0.7%) 03 (6%) 4 (2%)

resistance was more widespread in E. faecium (36/50) as
compared to E. faecalis (90/150). Four isolates, which were
found to be linezolid resistant, exhibited resistance to all
tested antibiotics. This finding is of particular concern since
the high prevalence of colonization and/or infection with MDR
enterococci has left the clinician with no alternative treat-
ment options.

In the present study, the average duration of hospitaliza-
tion of 134 hospitalized patients was 8.11 days whereas that of
patients infected with MDR enterococci was 15.65 days. Forty
eight out of 54 isolates (88.9%) from ICU, 56/80 isolates (70%)
from various wards and 22/66 isolates (33.3%) from OPD were
found to be multidrug resistant. A total of 65 patients, from
whom enterococci were isolated, were suffering from one or
the other malignancy and were on immunosuppressive drugs
or were neutropenic. Out of these 65 isolates, 52 (80%) were
found to be multidrug resistant. All the 126 patients, from
whom multidrug resistant enterococci were isolated, were
exposed to multiple antibiotics, such as B-lactams, fluo-
roquinolones and glycopeptides, during their hospital stay.

The present study corroborates with the fact that the risk
factors for infection with multidrug resistant enterococcal
infection are elderly patients, prolonged hospitalization, prior
exposure to antibiotics, severity of disease condition and
immunosuppression.

Conclusion

The prevalence of multidrug resistance among enterococcal
isolates was found to be 63%, resistance being more common
in E. faecium (72%) than that in E. faecalis (45%). This study
demonstrates the increased prevalence of multidrug resistant
enterococci with few isolates being resistant to all the anti-
biotics tested, thus posing a serious therapeutic challenge.
This situation warrants the implementation of an efficient
infection control program and regular surveillance of
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antimicrobial resistance of enterococci in order to establish a
rational antibiotic policy for the better management of
enterococcal infections.
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