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Abstract
Introduction: Enterococcal infections pose therapeutic challenges because of its intrinsic and acquired
resistance to vancomycin as well as the ability to produce high level gentamicin resistance (HLGR) and -
lactamases.
Objectives: A study was undertaken to characterize different strains of enterococci from clinical specimens
and to study their antimicrobial susceptibility pattern, including Minimum Inhibitory Concentration (MIC) to
vancomycin, high-level aminoglycoside resistance (HLAR) and p-lactamase production.
Material and Methods: Single enterococcal isolates recovered from clinical specimens received for
bacterial culture in this hospital during January 2016 to June 2017 were included in the study. Enterococci
were identified and speciated by standard biochemical tests. The isolated enterococci were then tested for
antimicrobial susceptibility by Kirby Bauer Disc Diffusion Method (KBDDM), as per CLSI guidelines.
Susceptibility to vancomycin was also performed by Minimum Inhibitory Concentration (MIC) using E-strip
method. HLAR was detected by using gentamicin disc 120 ug and f-lactamase production by nitrocefin disc.
Results: Total 100 enterococci were isolated during this period, out of which 90 were Enterococcus faecalis,
8 E. faecium and 2 E. solitarius. Most of the samples were from pus and wound swabs (49%). Maximum
isolation was from Medicine ward (25%), followed by Surgery ward (14%). Among ICUs, maximum
isolation was from MICU (13%). Antibiotic susceptibility pattern of enterococcal isolates showed
Vancomycin resistance in 3% isolates by KBDDM and in 4% isolates by MIC. Maximum resistance was
shown against erythromycin (64.7%). High level gentamycin resistance (HLGR) was seen in 48% isolates
and 13% isolates were f-lactamase producers.
Conclusion: This study highlighted the problem of multi-drug resistant enterococci, especially with
reference to VRE and HLAR. Therefore, an effective infection control policy is required to control the spread
of enterococci, with increasing awareness amongst microbiologists & clinicians.
Keywords: Enterococcus species; ABS pattern; Vancomycin MIC.

Introduction indigenous flora of the intestinal tract, oral cavity
Enterococci are the most common aerobic and and the genitourinary tract of the humans and
facultative anaerobic gram-positive cocci that occur  animals. Enterococci, once regarded by many as
singly, in pairs or in short chains. These form an  harmless commensals, have emerged as one of the
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most important nosocomial pathogens worldwide
and are associated with high mortality™ !,

The main sites of colonization of enterococcus in
the hospitalized patients are soft tissue wounds,
ulcers, infections of the gastrointestinal tract,
urinary tract infections (UTIs) and bacteraemia.
Urinary tract instrumentation or catheterization,
genitourinary pathology, prior use of antibiotics,
mechanical ventilation, intravenous lines and
prolonged hospitalization are some of the

predisposing factors for enterococcal infections!? &,

Enterococci not only show intrinsic resistance to
many antibiotics, they readily acquire resistance
genes and are also capable of transferring resistance
genes to other bacteria, like Staphylococcus aureus
Bl They are intrinsically resistant to cell wall active
agents like penicillin, ampicillin if used alone and
are also inherently resistant to other antibiotics such
as cephalosporins and  aminoglycosides!?.
Resistance to high concentration of
aminoglycosides, usually mediated by
aminoglycoside modifying enzymes, is widespread
and gradually increasing among enterococcit™ (4],
Vancomycin resistant enterococci (VRE) have been
reported worldwide. Enterococcal infections pose
therapeutic challenges because of its intrinsic and
acquired resistance to vancomycin as well as the
ability to produce B-lactamases. Considering the
increasing frequency of VRE isolation from
different parts of India, appropriate surveillance and
continuous monitoring is very important to control
the spread and cross contamination of these resistant
clones in hospital settings mostly originating from
undetected VRE carriers or contaminated
environment or via contaminated gloves/gowns of
Health Care Workers (HCWSs). Hence increasing
trends in VRE strains is a cause of concern(? 4]
Prevalence of VRE ranges from 1% to 23.07% in
India. The overall national data of enterococcal
infection rate is yet to be available from India due to
paucity of cumulative data collection system®/ 1%,
Maximum papers on VVRE are from North India. As
there are few data available about VRE from this
part of India, this study was undertaken to
characterize different strains of enterococci isolated

from clinical specimens, to study their antimicrobial
susceptibility ~ pattern including  high-level
aminoglycoside resistance, vancomycin resistance,
B-lactamase production and Minimum Inhibitory
Concentration (MIC) to vancomycin.

Materials and Methods

It was a prospective study conducted in a tertiary
care hospital in Mumbai during a period of 1% years
(from January 2016 to June 2017). Single
enterococcal isolates recovered from clinical
specimens, including urine, pus, blood -culture,
respiratory samples, body fluids, etc. received for
bacterial culture was included in the study.

The samples received in the laboratory from
outpatients and inpatients were collected.
Enterococci were identified and speciated by
standard biochemical tests™.

Antimicrobial susceptibility of enterococci were
then performed on Mueller Hinton agar by Kirby
Bauer Disc Diffusion Method (KBDDM), according
to CLSI guidelines™. Antibiotics used were
penicillin, ampicillin, vancomycin, linezolid,
teicoplanin and erythromycin (except for urinary
isolates). For urinary isolates, norfloxacin and
nitrofurantoin were used in addition to the other
antibiotics. Susceptibility to vancomycin was
performed also by using E-strip method (HiMedia)
for detecting Minimum Inhibitory Concentration
(MIC)™. Based on resistance pattern to
vancomycin and teicoplanin, Van A and Van B
phenotypes were identified!*!.,

HLGR was determined by using gentamicin 120 ug
disc (HiMedia) and B-lactamase production was
determined by wusing nitrocefin disc (Hardy
Diagnostics)™?.

Results

Out of the total 100 enterococcal strains isolated, 90
were Enterococcus faecalis, 8 were E. faecium and
2 were E. solitarius. Figure 1 shows the
arrangement of enterococci in primary smear,
colonies of enterococci on blood agar, a strain of
VRE on Mueller Hinton agar by vancomycin E-strip
and antibiotic susceptibility pattern of enterococcus
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by KBDDM. Most of the samples were from pus
and wound swabs (49), followed by urine (32) and
blood culture (13). Other sites were high vaginal
swab (3), tracheal secretions (1), ascitic fluid (1)
and central line tip (1).

Majority of the isolates (96%) were from indoor
patients. Out of 100, males comprised 48% and

Primary smear of urine sample
showing GPC in pairs & pus cells

Vancomycin resistant
enterococcus by E-strip MIC

females 52%, with Male: Female ratio being 0.92:1.
Out of total isolation, 64% of enterococci were from
wards and 32% were from Intensive Care Units.
Maximum isolation was from Medicine ward (25%),
followed by Surgery ward (14%). Among ICUs,
maximum isolation was from MICU (13%).

p—

Growth of Enterococcus
species on Blood agar

ABS of enterococcus on MHA- S to
Ampicillin, Linezolid & Teicoplanin :
R to Penicillin & HLG

Fig 1. Smear, Growth and ABS pattern of enterococci

Biochemical reactions of E. faecalis.

Biochemical reactions of E. faecium

Fig 2. Biochemical reactions of Enterococcus species
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Figure 2 shows the biochemical properties of E.
faecalis & E. faecium. Among the 49 isolates from

pus/wound, 89.8% was E. faecalis and 10.2% was E.

faecium. Among 32 urinary isolates, 90.6% was E.
faecalis, 3.1% E. faecium and 6.3% E. solitarius.
From 13 isolates from blood culture, 84.6% was E.
faecalis and 15.4% was E. faecium.

Table 1 shows overall antibiotic resistance pattern
of enterococci isolated in this study. Vancomycin
resistance was seen in 3% isolates by KBDDM and
in 4% isolates by MIC. Maximum resistance was
shown by erythromycin (64.7%), followed by 30%
to penicillin & 22% to ampicillin. For urinary

isolates, 53.1% were resistant to norfloxacin
whereas only 25% were resistant to nitrofurantoin.
All the isolates were susceptible to Linezolid (100%)
and Teicoplanin susceptibility was 97%.

High level gentamycin resistance (HLGR) was seen
in 48% isolates, of which 89.6% (43/48) were E.
faecalis and 10.4% (5/48) were E. faecium. In the
present study, 13% isolates were [-lactamase
producers, of which E. faecalis was 61.5% (8/13)
and 38.5% (5/13) was E. faecium. Both the E.
solitarius did not show high level gentamicin
resistance and did not produce p-lactamase.

Table 1: Overall antibiotic resistant pattern of Enterococcus species

Antibiotics E. raecalis E. faecium E. Total
n=90 (%) n=8 (%) solitarius n=100 (%)
n=2 (%)
Penicillin 23 (25.5) 06 (75) 01 (50) 30 (30)
Ampicillin 16 (17.7) 06 (75) 00 22 (22)
Vancomycin 01 (1.1) 02 (25) 00 03 (3)
KBDDM
Vancomycin MIC 01 (1.1) 03 (37.5) 00 04 (4)
Linezolid 00 00 00 00
Teicoplanin 01 (1.1) 02 (25) 00 03 (3)
Erythromycin (68)* 39 (63.9) 05 (71.4) - 44 (64.7)
Norfloxacin (32)** 16 (55.1) 01 (100) 00 17 (53.1)
Nitrofurantoin (32)** 07 (24.1) 01 (100) 00 08 (25)

*Erythromycin was not tested for urinary isolates.
**Norfloxacin and Nitrofurantoin were only tested for urinary isolates.
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Fig 3: Percentage antibiotic resistance pattern of enterococcal isolates to five antibiotics
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Fig 3 shows percentage antibiotic resistance pattern
of different enterococcal isolates to five antibiotics.
E. faecium 75% antibiotic resistance to penicillin
and ampicillin. Antibiotic resistance to Vancomycin
and Teicoplanin was also 37.5% and 25%
respectively in E. faecium. Resistance to all
antibiotics was much less in E. faecalis as compared
to E. faecium.

Discussion

In the last four decades, has emerged as an
important pathogen, not only because of their ability
to cause serious infections like endocarditis,
bacteraemia and urinary tract infections but also
because of their increasing resistance to many
antimicrobial  agents. The  emergence  of
Vancomycin Resistant Enterococci (VRE) and their
rapid spread worldwide, has made it extremely
difficult to treat serious enterococcal infections,
leaving the clinicians with very few therapeutic
options.

Commonest species isolated in this study was E.
faecalis (90%), followed by E. faecium (8%) and E.
solitarius (2%). Percentage of E. faecalis and E.
faecium isolated in the present study was exactly
similar to that of Gordon et al (90% and 8%
respectively)®. In the present study, overall
penicillin resistance was 30% (Tablel), which is
close to the study reported by Miskeen et al
(23.13%)").

Urinary isolates of enterococci were resistant to
norfloxacin  (53.1%), whereas resistance to
nitrofurantoin was 25% (Table 1). This is in
acceptance to the study by Rajesh et al®® who have
reported 25% resistance to norfloxacin and only 4%
resistance to nitrofurantoin for urinary isolates.
-lactamase production was seen in 62.5% isolates
of E. faecium and 8.8% isolates of E. faecalis.
Gordon et al' have reported 1.6% p-lactamase
producing isolates.

High level gentamycin resistance (HLGR) was seen
in 48% isolates in the present study, of which 89.6%
were among E. faecalis and 10.4% among E.
faecium. This is almost similar to the study by

Mendiratta et al®, who reported 46% HLGR.
Oberoi et al™® reported HLGR in 42.1%
enterococcal isolates, where HLGR among E.
faecium was higher (56.16%) than in E. faecalis
(29.45%). Lall et al™™ reported slightly higher
percentage of HLGR (60.5%)

In the present study, VRE was encountered in 4%
isolates which corroborates with a study by Rajesh
et a'® who has reported 5.7% VRE. In the present
study, MIC of 4 strains of enterococci was found to
be > 8 pg/ml, giving an overall vancomycin
resistance of 4%. One of these four strains was
reported sensitive by KBDDM. So KBDDM
detected only three strains as resistant to
vancomycin (Table 1). Errors were determined by
comparing the two methods and this turned out to
be a very major error. Thus, the correlation between
the two methods was poor. This finding is supported
by Taneja et al™ from Chandigarh, who missed
four out of eight strains of vancomycin resistance by
KBDDM. This study therefore highlights the
limitation of KBDDM in detecting vancomycin
resistance.

Prevalence of VRE in various Indian studies ranges
from 1% to 23% (Table 2). VRE with community
acquired sources should be detected early, as this
will limit the spread of VRE in the hospital
environment. Since colonized patients leave the
hospital ~ environment, the possibility that
transmission might occur in the community cannot
be discounted. If transmission of VRE from
unrecognized sources can be identified and
controlled, colonization of hospitalized patients will
be reduced, leading to lower rates of nosocomial
infection due to VREP.

Van A is the commonest phenotype in India (Table
2). Van B phenotype is the second most common
phenotype of VRE reported worldwide. In the
present study, out of three VRE in E. faecium, two
were Van A & one Van B and the single VRE in E.
faecalis was of Van A phenotype
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Table 2: Comparison of VRE isolation with other studies

Study Year Total VRE Samples pos VRE Phenotype MIC
samples No. (%) range
Mathur et al[15] 2003 444 5() Blood (3), urine (1), soft tissue (1) Van A (4) 26-512
Van B (1)
Karmarkar et al[16] 2004 52 12 (23.07) Urine, blood, pus* Van B >8
Taneja et al[10] 2004 144 8 (5.5) Urine (8) Van B (6) 8-32
Van C (2)
De et al[17] 2009 200 2(1) Foley’s tip (1), ascitic fluid (1) Van A 128
Mulla et al[18] 2011 92 8 (8) Urine (5), blood (2), CSF (1) Van B 8-32
Praharaj et al[19] 2013 367 32 (8.7) Pus/wound (7), Van A (28) 8-128
Urine (6), blood (4), CFS (3), Van B (4)
synovial fluid*, peritoneal fluid*
Present study 2017 100 4 (4) Urine (2), pus (1), blood (1) Van A (3), 32-64
Van B (1)

*Sample size not mentioned

Mortality in VRE infection in this study was 50%
(2/4) and both were E. faecium. Our study is almost
similar to the study by Bhavnani et al*¥, who
reported 52% mortality in VRE patients.
Surveillance of family members of recently
discharged patients known to be colonized or
infected with VRE, should be done. A VRE case
should be considered to carry the pathogen
indefinitely, unless 3 consecutive cultures, at least
one week apart, taken after antibiotic treatment,
from stool or rectal swabs are negative for VRE.
Once these negative cultures are documented, the
individual can be considered VRE-free and special
infection control practices may be terminated™’.

As enterococcus is ubiquitous and constitute a large
reservoir of resistant genes, awareness amongst
Microbiologists and Clinicians should be created
about the spread of vancomycin resistance in
Staphylococcus aureust.

Linezolid susceptibility of 100% in the present
study was in accordance with the study by Shah et
al™® and Narayanaswamy et al'®?. However, there
are few exceptions.

Deshpande et al'®! and Rajesh et al'” have reported
2.4% and 2% linezolid resistance respectively in
enterococcal isolates®®??. A case report of linezolid
resistant enterococcus from blood culture of an
adult patient has been reported by Baveja et al!
from Mumbai.

Conclusion

This study emphasizes the screening for VRE of all
enterococci isolated from different clinical samples.
Detection of MIC for vancomycin can be performed
by E-strip test, as Macro broth dilution method is a
laborious procedure. All laboratories should have
effective methods for detection of vancomycin
resistance accurately and continuously monitor the
same. It will be helpful in reducing the morbidity
and mortality due to VRE, in hospitalized patients.
Therefore, it is recommended that MIC of
enterococcus for vancomycin should be carried out
on routine basis, especially whenever enterococci
are isolated from seriously ill patients. Surveillance
of the community to detect the reservoirs of VRE
should also be done from time to time.

Detection of high-level aminoglycoside resistance
(HLAR) in enterococcal isolates should also be
made mandatory in all laboratories.

The present study also highlighted the problem of
multidrug resistant enterococci. Therefore, an
effective prevention and control against the spread
of MDR enterococci requires coordinated efforts
from different areas of hospital and this can only be
achieved by prudent use of antibiotics, education of
all cadres of hospital staff about the problems of
drug resistance, early detection and reporting of
isolates in hospitalized patients and in hospital
environment. Whenever there is a rise in MDR
enterococci, immediate  implementation  of
appropriate infection control measures is need of the
day.
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