
�"�
������ ��� #������������
� ������� ���	���� 
$���������� %��$&� ������� ��
������ ���
����� ��� $
����


������
�

�� �������

Panneer Selvam, K1a. Ravikumar,  K1b. Rajendran,  R2. Shanmugham, S 3. and
Manoharan, C4.

ABSTRACT
In clinical laboratories drug minimum inhibitory concentration (MIC) is done to establish the
susceptibility of organisms that give equivocal results in disc tests, for tests on organisms
where disc tests may be unreliable, and when a more accurate result is required for clinical
management. In this study, the MIC of 14 antibiotics against 30 selected isolates of enterococci
threw important findings. The MIC values were determined based on agar dilution test as
recommended by the NCCLS, 2002 and the findings were evaluated. The MIC values
re-confirmed the susceptibility values of Kirby-Bauer disc diffusion test. Particularly, the three
vancomycin resistant enterococci identified in this study based on disc diffusion method were
also re-confirmed with agar dilution method of MIC determination. Further, resistant
enterococcal isolates had different ‘break points’ (concentration of the antibiotic at which
growth ceases) for various antibiotics. However, some enterococcal isolates had growth even
at the highest concentration of the tested antibiotic. 
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Introduction

Enterococci are a frequent cause of a wide
variety of infections in humans (Murray 1990). They
are the opportunistic pathogens and have acquired
resistance to essentially all antimicrobial agents over
the past three decades including against the
antibiotic of last resort, vancomycin (Edmond, 1996).
The increased emergence of resistant enterococci to a
wide range of drugs poses problems, including the
lack of available antimicrobial therapy for these
organisms, and the possibility that the resistance
genes present in enterococci can be transferred to
other gram-positive bacteria (Handwerger et al., 1993
and Jordens et al., 1994). Because of these increasing
difficulties in dealing with enterococcal infections,

more effort is being devoted to manage enterococcal
infections among persons (Dupont et al., 1998).
Antibiotic resistant bacterial populations have the
ability to survive the effect of standard inhibitory
concentration/s of antimicrobial agents (Lochmann,
1994). In such cases, the next safer dose /
concentration of the antibiotic can be considered for
therapy by determining the antibiotic MIC. In view
of this, a study was conducted to find out the MIC
of various antibiotics against selected resistant
isolates of clinical enterococci as to recommend the
next, probably safer antibiotic concentration for
therapy.

Materials and Methods

Agar dilution method

The MICs of antimicrobials such as
tetracycline, erythromycin, vancomycin, ciprofloxacin,
nalidixic acid, amikacin, gentamicin, ceftriaxone,
kanamycin, piperacillin, ampicillin, chloramphenicol,
trimethoprim and amoxycillin against 30 selected
Enterococcus spp. were determined using agar
dilution susceptibility testing methods. The dilutions
of antibiotic compounds were made as per the scheme
recommended by NCCLS, 2003b and added to
Mueller-Hinton agar which had been melted and
cooled to not more than 60°C. Agar dilutions with
suggested antibiotic dilution ranges for MIC testing
were prepared in Petri dishes as to test several
isolates on each plate. The antibiotic dilutions were

1aDepartment of Microbiology, 1bBiotechnology, Dr.G.R.
Damodaran, College of Science, Coimbatore - 14, Tamilnadu
2Department of Microbiology, PSG College of Arts and
Science, Coimbatore -14
3Department of Biotechnology, Kumaraguru College of
Technology, Coimbatore - 35, Tamilnadu
4PG and Research Department of Botany & Microbiology,
A.V.V.M Sri Pushpam College (Autonomous), Poondi – 613
503, Thanjavur District, Tamilnadu, India
Corresponding Author
Dr. K. Panneer Selvam
Lecturer in Microbiology, Dr. G.R. Damodaran College of
Science, Avanashi Road, Civil Aerodrome (Post),
Coimbatore – 14, Tamilnadu, India, (Mobile Number: 98422
– 67709), E-mail ID - ps2k11@rediffmail.com

Indian Journal of Applied Microbiology, (2009) 10(1): 26-31



made for required volume in screw capped test tubes
using water or the recommended diluent and added
in plastic bottles containing measured volumes of
molten agar. Subsequently, these containers were
mixed by inversion before pouring into Petri dishes.
After the plates had set, they were dried at 37°C
with their lids tipped for 20 to 30 minutes in an
incubator. They were then inoculated with a wire loop
calibrated to deliver 0.001mL of enterococcal
inoculum (105 to 106 organisms per ml) spread over
a small area as spots. The antibiotic dilution ranges
adopted in this study for MIC is given in table 1. 

Ciprofloxacin MIC determination by dilution
and diffusion test

(E-strip antibiotic test) 

The ‘exponential gradient’ testing also known
as epsilometer test (E-test) was followed for
ciprofloxacin MIC determination against all the 30
selected isolates of Enterococcus spp. This is a
quantitative method for antimicrobial susceptibility
testing includes both the dilution of antibiotic and
diffusion of antibiotic into the medium (Hsieh, 2000).
In this study, the predefined, stable test ciprofloxacin
gradient present in a thin inert carrier strip was
applied on the enterococcai inoculated agar plates so
as to ensure immediate release of the drug. Followed
by this, the plates were incubated conventionally for
over night. The symmetrical inhibition ellipse
produced was evaluated to determine the MIC. The
intersection of the inhibitory zone edge and the
calibrated carrier strip identified the MIC value over
a wide concentration range (>10 dilutions) with
inherent precision and accuracy.

Results and Discussion

MIC of Penicillins

The MICs of penicillins derivates such as
piperacillin, ampicillin and amoxcillin against the test
enterococci were found to be varying. Against
piperacillin, 4 (13.3%) and 3 (10%) isolates were
observed to be resistant (MIC ≥128µg/ml) and
intermediate resistant (MIC between 32µg/ml and
64µg/ml) respectively. Of 4 resistant isolates, two
isolates (50%) had a piperacillin MIC of more than
256µg/ml. Absence of growth was observed for the
remaining two piperacillin resistant isolates at MIC
256µg/ml proving an MIC of either 256µg/ml or a
concentration between 128 and 256µg/ml. 

Similarly, the MIC of ampicillin against the
three ampicillin resistant isolates (MIC ≥16µg/ml)

was found to be more than 32µg/ml. Remarkably,
majority of the isolates (27; 90%) had an ampicillin
MIC of <2µg/ml and found to be highly susceptible.
Further, the MIC of amoxcillin was found to be
64µg/ml against one of the 7 resistant (MIC 32µg/ml)
enterococcal isolates and the remaining six isolates
had a MIC of more than 128µg/ml. As a marked
observation, no isolates (0%) were determined to have
ampicillin and amoxcillin MIC of intermediate range.
However, Amrouche et al. (2004) reported all the 27
enterococci with intermediate penicillin resistance
showed susceptibility to amoxicillin (MICs of less
than 4µg/ml). 

MIC of aminoglycosides

The high level resistance to all aminoglycosides
has become increasingly prevalent (Grayson et al.,
1991) and to have bactericidal synergy with other
groups of drugs during treatment, the determination
of aminoglycoside antibiotic MIC may be essential. In
the present study, the aminoglycosides (gentamycin,
kannamycin and amikacin) inhibited the growth of
enterococci at varying MIC concentrations of the
antibiotics and the MIC was found to be diverse.
Gentamycin MICs of ≤4, 8 and 16µg/ml were
determined against 19 (63.3%), 2 (6.6%), and 9 (30%)
isolates respectively categorized as sensitive,
intermediate resistance and resistant enterococci. Of
the 9 gentamycin resistant enterococci, 3 (33.3%)
isolates were inhibited with a MIC of 32µg/ml.
However, 6 (66.6%) isolates had an MIC of more than
32µg/ml. 

As a unique feature, 20 (71.4%) isolates showed
resistance phenotype (MIC ≥64µg/ml) against
kanamycin and identified to have an MIC of more
than 128µg/ml. Similarly, of 14 amikacin resistant
enterococci, 10 (71.4%) and 4 (28.5%) had an MIC of
more than 128µg/ml and 128µg/ml respectively.
Further, an increase in concentration could inhibit
the growth of seven intermediate resistant isolates
(MIC ≥32µg/ml) and a MIC between 32 and 64µg/ml
against the isolates.

The gentamycin and amipicillin MICs reported
by Bischoff et al. (1999) were comparatively more
when compared with the present study. They have
stated that of 413 vancomycin resistant isolates, 122
isolates had a gentamycin MIC of >1,024µg/ml and
amipicillin MIC of 16 µg/ml. However, 92 strains
showed ampicillin and gentamicin MICs of 64µg/ml
and >2,048µg/ml respectively. Hsieh et al. (2000) had
found out ampicillin and gentamicin MICs of 1, and
>1024µg/ml for the total isolates respectively and all
the isolates were susceptible to vancomycin (MIC
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Table 1. Antibiotic dilution ranges for MIC testing and interpretive standard

Antimicrobial agent
Dilution range

(µg/ml)
MIC(µg/ml) Interpretive Standard

Resistant Intermediate Susceptible

Ceftrioxone 128 − 8 ≥ 64 16 − 32 ≤ 8

Ampicillin 32 − 2 ≥ 16 − ≤ 8

Piperacillin 256 − 8 ≥ 128 32 − 64 ≤ 16

Vancomycin 64 − 4 ≥ 32 8 − 16 ≤ 4

Amikacin 128 − 8 ≥ 64 32 ≤ 16

Gentamicin 32 − 2 ≥ 16 8 ≤ 4

Erythromycin 16 – 0.25 ≥ 8 4 − 1 ≤ 0.5

Ciprofloxacin 32 − 0.002 ≥ 4 2 ≤ 1

Chloramphenicol 62 − 4 ≥ 32 16 ≤ 8

Tetracycline 32 − 2 ≥ 16 8 ≤ 4

Trimethoprim 32 − 2 ≥ 16 − ≤ 8

Kanamycin 128 − 8 ≥ 64 32 ≤ 16

Amoxycillin 128 − 8 ≥ 32 16 ≤ 8

Nalidixic acid 64 − 8 ≥ 32 − ≤ 16

Table 2. Minimum Inhibitory Concentration (MIC) of various antibiotics and susceptibility
status of Enterococcus spp.

Group of anti-
biotic

Name of
antibiotic

Category of Susceptibility
MIC of
isolates

> (µg/ml)

Number
(%)

Resistant Intermediate resistant Sensitive

No. of
isolates %

MIC
(µg/ml)

No. of
isolates %

MIC
(µg/ml)

No. of
isolates %

MIC
(µg/ml)

Penicillins Piperacillin 4 13.3 ≥128 3 10 32-64 23 76.6 ≤16 256 2 (6.6)

Ampicillin 3 10 ≥16 -- -- -- 27 90 ≤8 32 3 (10)

Amoxicillin 7 23.3 ≥32 -- -- -- 23 76.6 ≤8 128 6 (20)

Aminoglycosides Amikacin 14 46.6 ≥64 7 23.3 32 9 30 ≤16 128 10 (33.3)

Kanamycin 20 66.6 ≥64 3 10 32 7 23.3 ≤16 128 21(33.3)

Gentamycin 9 30 ≥16 2 6.6 8 19 63.3 ≤4 32 6 (20)

Cephems Ceftriaxone 4 13.3 ≥64 2 6.6 16 − 32 24 80 ≤8 128 3 (10)

Tetracyclines Tetracycline 17 56.6 ≥16 2 6.6 8 11 36.6 ≤4 32 10 (70)

Fluroqui-
nolones 

Ciprofloxacin 11 36.6 ≥4 5 16.6 2 14 46.6 ≤1 - 11 (36.6)

Phenicols Chloramphen
icol 

2 6.6 ≥32 5 16.6 16 23 76.6 <=8 64 Nil 

Quinolones Nalidixic
acid

1 3.3 ≥32 -- -- -- 8 26.6 ≤16 64 1 (11.1)

Macrolides Erythromycin 5 16.6 >=8 10 33.3 1 − 4 15 50 ≤0.5 16 Nil

Folate pathway
inhibitors 

Trimethoprim 11 36.6 ≥16 -- -- -- 19 63.3 <=8 32 9 (30)

Glycopeptides Vancomycin 3 10 ≥32 -- -- -- 27 90 ≤4 64 3 (10)
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3µg/ml) and teicoplanin (MIC 2µg/ml). They also have
compared MIC break point method with disc diffusion
test and stated that most isolates (27/29) reported as
susceptible to gentamycin by the later test showed a
high level gentamycin resistance by the former. Such
inconsistency was not observed in this study. The
incoherent results may be due to discrepancy in
interpretations for heterogeneous resistance, bias in
selecting colonies for the disc diffusion test and
variation in the quality of Mueller-Hinton agar used.
Gavalda et al. (2003) studied the MICs of ampicillin,
gentamycin and determined to be 0.5 and 32 mg/l
respectively. Amorouche et al. (2004), stated that only
two of 27 enterococci had high level of resistance to
gentamycin (MICs >1024 µg/ml). 

MIC of tetracyclines

A total of 17 (56.6%) enterococcal isolates had
a MIC of 16µg/ml against tetracycline and found to
be resistant as they showed normal growth even at
an antibiotic concentration of 16µg/ml. Of 17, 10
(58.5%) isolates had grown even at 32µg/ml
concentration and the MIC for these isolates should
be more than 32µg/ml. However, 7 (41.1%) isolates
did not grow at 32µg/ml and the MIC of tetracycline
was between 16 and 32µg/ml. Further, two isolates
were found to have intermediate resistance (MIC
8µg/ml) against tetracycline and were inhibited at a
MIC concentration between 8 and 16µg/ml. Similar
to our findings, Kawalec et al. (2000) determined
various susceptibility phenotypes (MICs representing
resistant, intermediate resistant and susceptibility
ranges) in the presence of tetracyclines among the
enterococci isolated in their study.

MIC of fluroquinolones

The E-test based MIC determination is stated
to have reliability, simplicity and speed which make
the technique well suited and advantageous over
other techniques. In this study, ciprofloxacin MIC
determined based on E-strip test revealed remarkable
findings. Eleven (36.6%) isolates were found to be
highly resistant (MIC >4 µg/ml) and increased
antibiotic concentration (MIC >32 µg/ml) was noted
to have no effect. A MIC between 2 and 4µg/ml was
determined for 5 (16.6%) isolates which were
designated to have intermediate resistance (2µg/ml).
Against 45% of susceptible isolates found in this
study, Perlada et al. (1997) described a MIC of
≤1µg/ml for 20 (13%) of the 157 total isolates and
were categorized to be ciprofloxacin susceptible. The
E-test strip based ciprofloxacin MIC by Hsieh et al.
(2000) determined a MIC of 0.25µg/ml and designated

to be susceptible. However, Kawalec et al. (2000)
reported the isolates having high MICs of vancomycin
(MIC between 256 and 512µg/ml) were also found to
possess resistance to ciprofloxacin (MIC 32 to
256µg/ml). Overall, this study identified an increased
emergence of resistant phenotype against
ciprofloxacin in this region. This could be due to its
preference by the physicians owing to its selective
accumulation at high concentrations in the target
organ (particularly in the urinary tract), cheaper cost,
and frequent empirical consumption of this antibiotic.

MIC of quinolones and phenicols

Majority (8; 88.8%) of the urine derived
enterococci were observed to be susceptible (MIC
≥16µg/ml) except one nalidixic acid resistant isolate
(MIC ≥32µg/ml) which had growth even at 64 µg/ml.
Further, a MIC between 32 and 64µg/ml was
determined for two chloramphenicol resistant (
32µg/ml) enterococci. Similarly, a MIC of >8µg/ml but
<16 µg/ml was observed for 5 isolates and all the
remaining (>75%) were designated to be susceptible
(MIC ≤8 µg/ml). This scenario was more or less
similar to the findings made by Friedkin et al. (1998)
and Schouten et al. (1999). They had elaborated that
all the isolates as susceptible to chloramphenicol and
had a MIC of 8µg/ml.

MIC of Cephems and Macrolides

Against 3 ceftrioxone resistant (MIC ≥64µg/ml)
isolates, the ceftrioxone MIC was found to be more
than 128µg/ml and between 64 and 128µg/ml for one
isolate. More than 80% (24) isolates had a MIC of
≤8µg/ml and found to be susceptible. The
erythromycin (macrolides) could hinder the growth of
all the five resistant (MIC 8µg/ml) isolates when
there was an increase in the concentration (MIC
≥16µg/ml) of erythromycin and no isolate showed MIC
≥16µg/ml. Further, of 11 trimethoprim (folate
pathway inhibitors) resistant isolates (MIC16µg/ml),
nine isolates had an MIC of more than 32µg/ml and
2 did not grow when the antibiotic concentration was
between 16 and 32µg/ml. Gavalda et al. (2003)
reported the MIC of ceftriaxone as 64 mg/L and
analyzed the usefulness of ceftriaxone combined with
ampicillin for the treatment of experimental
endocarditis due to E. faecalis. Amrouche et al.
(2004), all the 27 enterococci isolated them were of
intermediate resistant isolates to penicillin-G and
were resistant to ceftriaxone (MICs >32µg/ml). Of 27,
12 had intermediate resistance (MICs 1 – 4µ g/ml)
to erythromycin.
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MIC of glycopeptides

A major problem in enterococcal infections is
vancomycin resistance (Rice, 2001). Vancomycin is a
powerful antibiotic that is often the drug of the last
resort. To avoid vague use of the antibiotic
concentrations against vancomycin moderately
susceptible and vancomycin resistant enterococci,
vancomycin MIC may be determined and used. The
vancomycin MIC determined in this part of the study
reconfirmed the disc diffusion antibiotic susceptibility
test. Three (10%) vancomycin resistant isolates (MIC
≥32µg/ml) were identified to have high level
vancomycin resistance as they had a MIC of
>64µg/ml. However, no intermediate resistance (MIC
8-16µg/ml) or low level resistance (MIC ranging
between 8 and 32µg/ml) was identified and all the
remaining (27; 90%) were found to be susceptible
(MIC ≤4µg/ml). Karmarkar et al. (2004) stated that
no reports were made on vancomycin resistant
enterococci in India. However, the present study has
brought out (3 VRE isolates with a MIC of >64 µg/ml)
the fact that there was an emergence of VRE in the
region(s) studied. Taneja et al. (2004) isolated 8 VRE
and the MIC ranged from 8 to 32 µg/ml. Bischoff et
al. (1999) reported a total of 413 VRE isolates with
MICs ≥ 128µg/ml. Remarkably, a vancomycin MIC of
>256 µg/ml was reported by Fridkin et al.(1998),
Ieven et al. (1999), Schouten et al.(1999) and Kawalec
et al.(2000) for majority of their isolates.
Balzereit-Scheuerlein and Stephan, 2001 determined
MICs of vancomycin ranging from 512 to 1024 µg/ml.

The determination of MICs of drugs against
selective isolates is useful in understanding the
efficacy of increased concentrations of drugs in
inhibiting the growth of particularly resistant
pathogens and also to validate the out comes of disc
diffusion based susceptibility identification for the
strains of Enterococcus spp. However, as suggested
by Karmarkar et al. (2004) that both phenotypic (disc
diffusion and MIC determination) and genotypic
approaches (such as PCR) in conjunction with each
other would provide more accurate information as
susceptibility tests for enterococci do not correlate
with each other. 
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