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Abstract
Vancomycin-resistant enterococci (VRE) have emerged as an important nosocomial infection. Three
important vancomycin resistance types namely, VanA, VanB, VanC are very commonly found in
enterococci. VanA and VanB are plasmid-encoded, transferable types of resistance and VanC is
chromosomally mediated nontransferable resistance. So for infection control purposes it is important
to know the type of vancomycin resistance to prevent the spread of drug resistance. Enterococci
isolated from clinical samples were tested for vancomycin resistance by disc diffusion and macro
broth dilution (MIC) method. Vancomycin resistance gene was detected by the polymerase chain
reaction (PCR) method. Antimicrobial susceptibility for penicillin, erythromycin, ciprofloxacin, highlevel gentamicin, nitrofurantoin, tetracycline, teicoplanin and linezolid was performed by disc diffusion
method. Antibiotyping of VRE strains was done based on their antimicrobial susceptibility pattern. Over
a period of one year out of 246 clinical isolates of enterococci, seven (2.8%) isolates showed vancomycin
resistance. Based on MICs and PCR, all the isolates demonstrated VanA type of resistance. Analysis
of antibiogram showed three different antibiotype patterns for VRE labelled as 1,2,3. The majority
of VRE isolates (72%) belonged to “Pattern 1”. Also clustering of cases of “Pattern 1” was observed in
medicine ICU and medicine ward. These areas were identified as a potential reservoir for VRE infection
and appropriate infection control measures were taken to curtail the spread of infection. The present
study recommends a macro broth dilution method for detection of the type of vancomycin resistance
in enterococci and “antibiotyping” as a basic typing method for VRE in resource-poor health care
settings specifically in outbreak situations.
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Introduction
Enterococci are part of normal microbial
flora of oral cavity, gut and genitourinary
tract.1 They are ubiquitously found in different
environments such soil, water, sewage and
plants.2 Being opportunistic pathogens enterococci
cause infections in susceptible host. Enterococci
specifically E. faecium has inherent tendency
to acquire resistance against multiple group of
antibiotics, which makes enterococci an important
cause of nosocomial infections.3
Vancomycin is the high end antibiotic
which can be used for treatment of infections
caused by multidrug resistant enterococci. 4,5
Enterococci have developed resistance against
vancomycin also known as Vancomycin resistant
enterococci (VRE). Emergence of VRE is largely
related to inappropriate use of antibiotics mainly
vancomycin in health care settings.6 Different
infections caused by VRE includes endocarditis,
septicemia, urinary tract infections, wound
infections, intraabdominal infections mainly in
hospitalized patients.7
There are three important vancomycin
resistance types described in literature (VanA,
VanB, VanC). VanA and VanB are types of
acquired vancomycin resistance. VanA and
VanB are plasmid encoded and can spread from
organism to organism causing major outbreaks in
hospitals. VanA type shows high level resistance to
vancomycin (MIC of ≥128µg/ml) and teicoplanin
(MIC of ≥16µg/ml). VanB phenotypes are resistant
to low levels of vancomycin (MIC of 16 to 64 µg/
ml) but sensitive to teicoplanin (MIC of ≤1µg/
ml). VanC gene, is chromosomally encoded and
cannot be transferred from one organism to
other. Therefore it has not been associated with
hospital acquired infections. VanC is an intrinsic
type of drug resistance present in E.gallinarum
and E.casseli flavus and produce vancomycin MIC
of 2 to 16µg/ml. Hence it is important to perform
species level identification of Enterococci, as it has
different implications in hospital infection control
measures. Based on the MIC values of vancomycin
and teicoplanin, enterococci can be classified as
VanA, VanB and VanC phenotypes.8
Knowing the species of Enterococci and
type of vancomycin resistance, we can implement
appropriate infection control measures to prevent
spread of resistance in healthcare settings.
Journal of Pure and Applied Microbiology

Antimicrobial susceptibility pattern of organism
can also guide in identifying different antibiotypes
of VRE to study their epidemiology in an outbreak
situation. 9 If there is a single or one major
antibiotype which is being repeatedly isolated
from different patients in same hospital setting
then one can suspect circulation of same strain in
hospital set up giving rise to nosocomial infections.
The source or reservoir of nosocomial outbreak
can be detected by locating the area in the hospital
like any specific ward or ICU from where there is
repeated isolation of the same species with similar
antibiotype. After identifying such areas in the
hospital, strict infection control measures can be
implemented to curtail the outbreak.6,10 Author
has described molecular method for genotyping
of VRE strains isolated in health care set up11 but
phenotypic methods for typing of VRE strains for
epidemiological study are not well described in
literature.12 Based on this background present
study was conducted to
1. To isolate and identify the VRE strains from
clinical samples
2. To study the antibiotic susceptibility pattern
of VRE strains
3. Antibiotyping of VRE isolates based on the
antibiotic susceptibility pattern
4. To detect the MIC values of vancomycin and
teicoplanin in VRE strains to determine type
of vancomycin drug resistance
5. Confirmation of type of vancomycin resistance
in enterococci by Polymerase chain reaction
Material and methods
A prospective cross sectional study
was conducted over a period of one year from
January 2013- December 2013 in a tertiary care
hospital in Pune, Maharashtra, India. Institutional
Ethical Committee approval was taken for the
study. (Reference number- BMC/IEC/Pharmac/
D0313005-05). Informed consent and detail
clinical history was taken from all patients.
Study population
Patients of all age groups and both
sexes attending the inpatient and outpatient
departments of a tertiary care hospital in western
Maharashtra, India.
Sample size
Total 246 enterococci strains isolated
from clinical samples like urine, blood, CSF,
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www.microbiologyjournal.org

Devhare | J Pure Appl Microbiol | 15(4):1995-2002 | December 2021 | https://doi.org/10.22207/JPAM.15.4.21

pleural fluid, ascetic fluid, pus, wound swabs of
the patients, attending the hospital with different
types of infections were included in the study.
Isolation and identification of Enterococcus
species from clinical samples
Blood agar and MacConkey agar plates
were used for inoculation of clinical samples and
incubated under aerobic conditions at 37°C for
24-48 hrs. Colony morphology, catalase test and
Gram stain were used for preliminary identification
of Enterococci. For genus level identification of
Enterococcus species, Bile esculin hydrolysis test,
6.5% salt tolerance test, Pyrrolidonyl arylamisase
(PYR) tests were used. Species level identification
was done only for isolates showing resistance to
vancomycin by Kirby Bauer disc diffusion method.
For speciation mannitol fermentation, motility,
pigment production, Arabinose fermentation and
Arginine hydrolysis tests were used.7,13-14
Antimicrobial susceptibility testing
Kirby- Bauer disc diffusion method was
used to perform antimicrobial susceptibility of
Enterococci isolated from clinical samples as
per CLSI guidelines. Antibiotics used for testing
were penicillin (10 units), erythomycin (15 μg),
tetracycline (30μg), cipofloxacin (5μg), high level
gentamicin (120 μg), nitofurantoin (300μg),
vancomycin (30μg), teicoplanin (30μg) and
linezolid (30μg). Antibiotic discs were procured
from Hi-media laboratories private limited, India.15
For vancomycin disc, zone size of ≥17
mm was considered sensitive, 15-16mm was

Table 1. Showing classification of vancomycin drug
resistance based on MIC values
Type of vancomycin
resistance
Van A
Van B
Van C

Vancomycin
MIC (μg/ml)

Teicoplanin
MIC (μg/ml)

≥128
16-64
2-16

≥16
≤1
≤1

considered intermediate resistant and ≤14 mm
was considered resistant.15 Enterococci showing
vancomycin drug resistance by disc diffusion were
presumptively considered as VRE strains. Organism
resistant to more than 3 groups of antibiotics were
considered multidrug resistant.16
Antibiotyping of VRE isolates
Antimicrobial susceptibility patterns of
VRE strains were analyzed. Organisms with same
antibiogram were grouped together. All such
groups with different antibiogram were identified
and labeled as “antibiotype patterns.”17
VRE strains identified by disc diffusion
method were further tested by Macro broth
dilution method to determine MIC values for
vancomycin and teicoplanin. Serial dilutions of
vancomycin and teicoplanin ( Hi-media private
limited, India) were prepared in cation adjusted
Muller Hinton broth (CAMHB) broth. Liquid
culture of the test organism was matched with
0.5 McFarland's turbidity standard. 10 μL bacterial
culture was inoculated in broth with different
concentrations of vancomycin. Broths were

Fig. 1. Macrobroth dilution method for detection of MIC.
Journal of Pure and Applied Microbiology

1997

www.microbiologyjournal.org

Devhare | J Pure Appl Microbiol | 15(4):1995-2002 | December 2021 | https://doi.org/10.22207/JPAM.15.4.21

incubated at 37°C for 24 hrs. Minimum inhibitory
concentration was determined based on the
concentration of vancomycin and teicoplanin
which inhibited visible growth of test organism
in broth. (Fig. 1) Vancomycin MIC of ≥32 μg/mL
was considered resistant; MIC of 8–16 μg/mL as
intermediate resistant; and MIC of ≤4 μg/mL was
considered as sensitive. Teicoplanin MIC of ≥32 μg/
mL was considered resistant; MIC of 16 μg/mL as
intermediate resistant; and MIC of ≤8 μg/mL was
considered as sensitive.15,18,19 ATCC E. fecalis 29212
was used as quality control strain for disc diffusion
and macro broth dilution method.
MIC values of vancomycin and teicoplanin
were analyzed to determine the type of vancomycin
drug resistance as shown in Table 1.8
Polymerase chain reaction (PCR)
DNA extraction of enterococci with
vancomycin drug resistance confirmed by
macrobroth dilution method was done by silica gel
method. PCR for van A gene was performed first,
with van A forward-GTAGGCTGCGATATTCAAAGC
and van A reverse- CGATTCAATTGCGTAGTCCAA
primers. PCR master mix (Bangalore Genie),
VRE DNA and primers were subjected to PCR
cycles (94°C/2min, 60°C/2min, final extension
72°C/2min). Electrophoresis with 2% agarose
gel was used for analyzing the PCR amplified
product under UV light. (Fig. 2) VRE isolates
negative for vanA PCR were subjected to PCR
for vanB gene. Primers for van B were forward

Table 2. Antibiotic susceptibility pattern of VRE
Antibiotic

VRE strains (n=7) (%)

Penicillin (10units)
Erythromycin (15μg)
Ciprofloxacin (5 μg)
Tetracycline (30μg)
Nitrofurantoin (300ug)
Teicoplanin (30μg)
Linezolid (30μg)
Vancomycin (30μg)
High level Gentamicin
(HLG) (120g)

0
0
0
1(14.3%)
2(28.6%)
0
7(100%)
0
0

GTAGGCTGCGATATTCAAAGC van B revers
GCCGACAATCAAATCATCCTC.11,20-22
Results
In present study, total 246 Enterococci
strains were isolated from clinical samples. Out
of these 246 strains of Enterococcus species,
seven (2.8%) isolates showed vancomycin drug
resistance by disc diffusion method. Sensitivity
of these seven vancomycin resistant enterococci
to other tested antibiotics is shown in Table 2.
All the isolates of VRE were multidrug resistant.
Other than glycopeptides, 100% resistance was
observed to penicillin, erythromycin, ciprofloxacin,
HLG in VRE strains. VRE showed maximum
sensitivity to linezoild (100%). All seven strains of
VRE were found to be E. faecium by species level

Fig. 2. Gel electrophoresis of amplified products by PCR for vancomycin resistance genes.
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identification. These seven VRE isolates were
numbered “VRE I-VII” for further analysis.
Based on antibiotic susceptibility pattern
of these seven VRE isolates, three different
susceptibility patterns were identified which
were labeled as antibiotype pattern 1, 2 and 3.
Pattern 1 was the most common pattern having 5
out of 7 VRE strains (72%) showed resistance to 8
antibiotics out of 9 tested antibiotics. Pattern 2 had
single VRE isolate with resistance to 6 antibiotics
and Pattern 3 with single VRE strain showing
resistance to 7 antibiotics. (Table 3).
All seven strains of Enterococci showing
vancomycin drug resistance by disc diffusion
method had high MIC values for vancomycin and
teicoplanin by macro broth dilution method. Based
on the MIC values of vancomycin and teicoplanin,
all the VRE strains demonstrated van A type of

vancomycin resistance. PCR detected vanA gene in
all 7 isolates of VRE in present study. (Table 4) Out
of 5 isolates with antibiotype Pattern I, 4 isolates
had same MIC values for vancomycin (128ug/ml)
and 3 isolates had same MIC value for teicoplanin.
Patient’s location in the hospital was
traced. All the patients were indoor patients,
admitted in hospital. Ward wise distribution of
VRE isolates showed clustering of the cases in
medicine ICU (MICU) followed by Ward 19 with
same antibiotype Pattern 1 and van A type of
resistance. (Fig. 3)
Discussion
Enterococci can survive for a longer
period in hospital environment and create hurdles
for infection control in hospitals.23 Identifying VRE
cases and type of vancomycin resistance is very
important to prevent spread of resistance from
patient to patient in a health care set up.24
In present study, prevalence of VRE was
found to be 2.8%. Studies conducted by Mathur et
al. and Taneja et al. are in comparison with present
study, which showed 1% and 5.5% prevalence of
VRE in their studies respectively.25,26 Prevalence of
VRE was high in studies conducted by Karmarkar et
al., Oberoi et al. and Deshpande et al. Difference
in prevalence of VRE can be attributed to different
study population and extent of vancomycin usage
in different hospital settings.27-29
Enterococci are intrinsically resistant
to multiple routinely used antibiotics and they
can also acquire resistance by transfer of genetic
material through conjugation.13 In present study,

Table 3. Antibiotyping of VRE isolates based on
antimicrobial susceptibility patterns
Antibiotic
Penicillin (10units)
Erythromycin (15μg)
Ciprofloxacin (5 μg)
Tetracycline (30μg)
Nitrofurantoin (300ug)
Vancomycin (30μg)
Teicoplanin (30μg)
Linezolid (30μg)
High level Gentamicin
(HLG) (120g)

Pattern1 Pattern2 Pattern3
(n=5)
(n=1)
(n=1)
R
R
R
R
R
R
R
S
R

R
R
R
S
S
R
R
S
R

R
R
R
R
S
R
R
S
R

Fig. 3. Ward wise distribution of VRE antibiotype patterns
Journal of Pure and Applied Microbiology

1999

www.microbiologyjournal.org

Devhare | J Pure Appl Microbiol | 15(4):1995-2002 | December 2021 | https://doi.org/10.22207/JPAM.15.4.21

Table 4. Detection of type of vancomycin drug resistance based on MIC and PCR
VRE
Species
Isolate		
No.		
I
II
III
IV
V
VI
VII

E.faecium
E.faecium
E.faecium
E.faecium
E.faecium
E.faecium
E.faecium

Vancomycin
MIC value
(μg/ml)

Teicoplanin
MIC value
(μg/ml)

128
256
256
256
128
128
128

256
16
256
256
64
256
256

Van A
Van A
Van A
Van A
Van A
Van A
Van A

all 7 isolates of VRE were found to be multidrug
resistant and belonged to species E.faecium. VRE
strains showed maximum sensitivity to linezolid
(100%) followed by nitrofurantoin (28.6%) and
tetracycline (14.3%). Other Indian studies have
also demonstrated multidrug resistant pattern
in VRE isolates.24,30,31 E. faecium showed more
resistance as compared to E. faecalis for all tested
antibiotics in studies conducted Deshpande et al.,
by Rahangdale et al., and Baragundi et al. 29,31,32
Typing of organisms causing nosocomial
infections is essential and useful for studying
the epidemiology of infections. It helps in
implementing infection control measures in a
health care set up.9 “Antibiotyping” of VRE strains
was used as a phenotypic typing method in present
study, which revealed presence of three different
susceptibility patterns of VRE. “Pattern 1”(72%)
was the commonest having most resistant strains
sensitive only to linezolid (100%).
By macro broth dilution method and
PCR, all seven isolates of VRE showed vanA
type of vancomycin resistance. Present study
demonstrates 100 % correlation between
phenotypic (MIC) and genotypic (PCR) methods
for detection of type of vancomycin resistance in
Enterococci. Our findings are in agreement with
previous studies conducted by Modi et al., Bekhit
et al. and Xiaogang Xu et al.30,33,34
Antibiogram and MIC values were very
informative in present study to understand the
epidemiology of VRE. Five out of seven VRE
isolates showed antibiotype pattern 1 with van A
type of drug resistance. Maximum isolates (4/5)
from antibiotype pattern 1 showed same MIC
value (128ug/ml) for vancomycin. These findings
suggested existence of high level transferable
Journal of Pure and Applied Microbiology

Vancomycin
Gene
resistance type
By PCR
based on MIC		
vanA
vanA
vanA
vanA
vanA
vanA
vanA

Antibiotype
Pattern
1
2
1
3
1
1
1

vancomycin resistance in the hospital setting,
which was serious concern from infection control
point of view. These findings further triggered
the need for detection of any common source or
reservoir for infection.
Analysis of antibiotype patterns, MIC
values and type of drug resistance, in relation to
patient location in hospital, highlighted clustering
of same VRE clone in MICU (43%) followed by
ward 19 (29%). Ward 19 was also located on
the same floor as that of MICU and belonged
to Medicine department. Transfer of patients
between these two wards (MICU and ward 19)
was routine activity. These areas were suspected
as potential reservoirs for VRE, causing patient
to patient spread of VRE.35 Role of environment
and contaminated medical devices in the VRE
transmission in outbreaks is well documented in
literature.6 Heath care workers who are carriers of
enterococci are less often involved in transmission
of VRE.36 Rigorous infection control measures like
thorough environmental cleaning, hand hygiene,
isolation and barrier nursing of VRE infected
patients, use of personal protective equipments,
contact precautions were implemented in the
affected wards. 6 This study resulted in more
awareness in the hospital staff about nosocomial
infections and appropriate infection control
measures were implemented to prevent further
spread of VRE in hospital set up.
Conclusion
Detection of type of resistance is
important for implementation of infection control
measures in a health care set up. Present study
recommends use of broth dilution as a simple and
cost effective method as compared to genotypic
2000
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methods for detection of type of vancomycin
resistance (VanA, VanB, VanC). Although newer
advanced methods have been discovered for
typing of bacteria,“ antibiotyping” still stands as
the most simple and rapid typing method for
bacterial isolates in resource poor hospital settings
particularly in outbreak situations.
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