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ABSTRACT

, Apurba S

Introduction: Vancomycin-resistant enterococci (VRE) are emerging as an important multidrug-resistant pathogen causing nosocomial infections,
predominantly bacteremia and urinary tract infections. VRE bacteremia has caused a significant increase in the duration of the hospital stay
and mortality and had caused high public health threat due to limited treatment options.

Materials and methods: Between October 2017 and September 2020, all consecutive patients with culture-proven bloodstream infection with
Enterococcus species, isolated for the first time, were included in the study. A total of 427 Enterococcus species were identified, and antimicrobial
susceptibility tests were performed and interpreted using Clinical and Laboratory Standard Institute guidelines.

Results: Of the total 427 Enterococcus species isolated, 63 (45.6%) were VRE. Among them, 51/63 (81%) were Enterococcus faecium (E. faecium)
and 5/63 (8%) were Enterococcus faecalis. There was an increased trend of VRE rate in the bloodstream infections of 6.12% (2018), 13.2% (2019),
and 19.2% (2020). The majority of the VRE patients [43/63 (68%)] were admitted to the intensive care units (ICUs). Vancomycin A (VanA) is the

most common phenotype isolated from 51/63(81%) patients.

Conclusion: This increasing trend of VRE bacteremia is a red alert to the clinicians and the infection control practitioners, so that strict antibiotic
policies and proper adherence to the infection control practices can be initiated to reduce the VRE rate.
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INTRODUCTION

Enterococci are part of the normal resident flora of the
gastrointestinal tract of humans and animals.! It is implicated
to cause various community and hospital-acquired infections,
such as endocarditis, bacteremia, meningitis, and urinary tract
infections, and is also associated with intra-abdominal infections.'
Recently, enterococci are emerging as an important multidrug-
resistant pathogen causing nosocomial infections, predominantly
bacteremia and urinary tract infections.? Particularly, glycopeptide
resistance in enterococcileads to an increased length of hospital
stay and mortality, hence causing high public health threats
due to limited treatment options. In 1988, the first case of
vancomycin-resistant enterococci (VRE) was reported in Europe.?
In India, the first VRE case was reported in New Delhi in 1999,
and the prevalence reports of VRE in India vary from 1 to 8.7%.*
The World Health Organization recognized VRE as one of the
most significant resistant bacteria in their “Global Priority list of
antibiotic-resistant bacteria” in 2017.° The Centers for Disease
Control and Prevention reported that VRE has caused 54,500
infections among hospitalized patients and 5,400 estimated
deaths in the United States in 2017.° The European Antimicrobial
Resistance Surveillance Network reported the increasing trend
of the mean proportion of vancomycin-resistant Enterococcus
faecium in invasive isolates from 10.4% in 2014 to 17.3% in 2018 in
countries of the European Union and European Economic Area.’
Enterococcus faecalis and E. faecium are the common species
causing clinical infection accounting for around 80-90% and
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5-10%, respectively.? The widespread use of vancomycin and
extended-spectrum cephalosporins in hospitals leads to the
worldwide emergence of VRE.? Though the rate of isolation of
VRE is currently not very high in India when compared to other
countries (USA and Europe), still it is definitely on an increasing
side.!® It was found that the mortality and morbidity are more
with VRE bacteremia.'” Therefore, in this study, we analyzed the
current trends of VRE bacteremia, the clinical, microbiological, and
epidemiological features of the VRE culture-positive patientsin a
tertiary care center in South India.
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MATERIALS AND METHODS

This is an observational study conducted in the Department
of Microbiology, Jawaharlal Institute of Postgraduate Medical
Education and Research (JIPMER), Puducherry, from October 2017
to September 2020. All consecutive patients with culture-proven
bloodstream infection with Enterococcus species for the first time
during the study period were included in the study. Blood culture
samples from patients were sent to the microbiology laboratory
by treating clinicians if clinically indicated in automated BACT/
ALERT aerobic blood culture bottles. The bottles were loaded
in the automated VIRTUO BACT/ALERT 3D system immediately.
Once the bottle flagged a positive signal, the time to positivity
(TTP) was noted. Grams staining directly from the flagged bottle
were performed, followed by culture on 5% sheep blood agar and
MacConkey agar along with direct antimicrobial susceptibility
testing (AST) on Mueller Hinton agar from flagged bottles by
Kirby Bauer disk diffusion method, and incubated aerobically at
37°C. As soon as visible colonies appear on the culture plate, the
identification of the organism from the colony was performed using
the matrix-assisted laser desorption ionization-time-of-flight mass
spectrometry (VITEK MS, Biomeriuex). Then, AST was performed
from the isolated colony by Kirby Bauer disk diffusion method and
minimum inhibitory concentration determination by automated
VITEK-2 platform. The susceptibility results were interpreted after
16 to 18 hours of incubation using Clinical and Laboratory Standards
Institute 2020M-100 clinical breakpoints.'> The antibiotics tested
were ampicillin, high-level gentamicin, vancomycin, linezolid, and
teicoplanin. Susceptibility for vancomycin was also screened by
performing spotinoculation from culture inoculum on vancomycin
screen agar plate (6 pg/mL) to identify VRE isolates. The quality
control strains used for vancomycin screening were Staphylococcus
aureus ATCC 25923 and E. faecalis ATCC 29212. The demographic
details, clinical profile, and the clinical outcome of the patients with
VRE bacteremia were collected and analyzed.

REesuLTs

A total of 81,437 blood culture samples were received from the
microbiology laboratory during the study period (October 2017-
September 2020), among which 15,922 bottles flagged positive. Out
of these positive bottles, after excluding the duplicate isolates, 427
grew Enterococcus species. Of these, 195 (45.6%) were E. faecium
and 186 (43.5%) were E. faecalis. Other species of Enterococcus
isolated were E. avium, E. hirae, E. casseliflavis, and E. gallinarum,
and no species were identified in 28 isolates of enterococci
(Table 1). Of the total 427 Enterococcus species isolated, 63

(14.7%) were found to be resistant to vancomycin with the yearly
vancomycin resistant rate of 6.12% (2018), 13.2% (2019), and 19.2%
(2020) (Fig. 1). The distribution of VRE cases based on the hospital
location was shown in Figures 2 and 3. About 43 patients (68%)
were located in intensive care units (ICUs), and the rest 20 patients
(32%) were from non-ICU location like inpatient wards. For a total
of 16 patients with VRE bacteremia (25.3%), clinical diagnosis was
mentioned as sepsis. A total of nine patients with VRE bacteremia
(14.2%) had chronic kidney disease (CKD) as comorbidity (Table 2).
The average TTP of VRE isolates was found to be 13.2 hours, and
there is no significant difference in TTP between the vancomycin-
resistant and susceptible isolates. VanA gene (81%)-mediated
resistance was found to be more common followed by VanC (11%)
and VanB (8%) (Fig. 4). The susceptibility pattern of the VRE isolates
to other commonly used antibiotics showed high susceptibility to
linezolid [50/63 (79.3%)] and high-level gentamicin [45/63 (71.4%)]
and reduced susceptibility to ampicillin [18/63 (28.5%)], levofloxacin
[21/63 (33.3%)], and teicoplanin [5/63 (7.9%)] (Fig. 5).

Discussion

The importance of Enterococcal infections is increasing not only
because of the seriousness of the infections caused but also
owing to the development of resistance to various antibiotics.
VRE has emerged as a leading cause of nosocomial infections,
and VRE bacteremia is an independent risk factor for mortality.”
Glycopeptide resistance was found to be mediated by different
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Fig. 1: Vancomycin-resistant enterococci rate from October 2017 to
September 2020

Table 1: Different species of Enterococcus isolated from October 2017 to September 2020

Enterococcus species in blood culture

October 2017-September 2018

October 2018-September 2019 October 2019-September 2020

Enterococcus faecium 17 (17.3%)
Enterococcus faecalis 66 (67.3%)
Enterococcus avium 0
Enterococcus hirae 0
Enterococcus casseliflavis 1(1%)
Enterococcus gallinarum 0
Enterococcus species (unidentified) 14 (14.2%)
Total 98

51 (48%) 127 (57%)
37 (35%) 83 (37%)
0 3(1.3%)
2 (1.8%) 3(1.3%)
4(3.7%) 0
1(0.9%) 4(1.7%)
11 (10.3%) 3(1.3%)
106 223
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Fig. 2: Distribution of vancomycin-resistant enterococci
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Fig. 3: Distribution of vancomycin-resistant enterococci in intensive care
units. EMS ICU, emergency service intensive care unit; SICU, surgical
intensive care unit; CCU, critical care unit; MICU, medicine intensive care
unit; PICU, pediatrics intensive care unit

Table 2: Clinical diagnosis of VRE patients

Clinical diagnosis No. of VRE isolated(%)

Sepsis 16 (25.3%)
Chronic kidney disease 9 (14.28%)
Gl infections (intestinal perforations, gut 7 (11.1%)
gangrene, post-ileostomy, etc.)

Acute myeloid leukemia 8(12.6%)
Pleural effusion/severe acute respiratory 5(7.9%)
illness

Infective endocarditis 1(1.5%)
Diabetic foot/diabetic keto acidosis 2(3.17%)
Others 16 (25.3%)
Total 63

vancomycin resistance (Van) gene operons, such as VanA, VanB,
VanC (C1, C2, and C3), VanD, VanE, VanG, VanL, VanM, and VanN."*
Among these, resistance mediated by VanA is most common
followed by VanB. VanC is responsible for the intrinsic resistance
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Fig. 4: Type of vancomycin-resistant enterococci isolated
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Fig. 5: Susceptibility of vancomycin-resistant enterococci to other
antibiotics

seen in E. gallinarum and E. casseliflavus.”® Enterococci have also
been identified to transfer its vancomycin-resistant gene clusters
to methicillin-resistant S. aureus by horizontal gene transfer, which
is considered as a public threat.’® Uncontrolled and excessive
use of cell wall-acting antibiotics, including vancomycin, leading
to antibiotic selective pressure is the single most important
predisposing factor responsible for the emergence of resistance
to vancomycin &'

In India, the prevalence of VRE infections is in the increasing
trend varying from 1 to 8.7%.*'® Our study also shows that VRE
infection rate in bloodstream is in the increasing trend from
6.12% in 2018 to 19.2% in 2020. Another study by Deshpande
et al. done in a tertiary care center in Mumbai also has reported
the prevalence of VRE to be 19.6%."° Data obtained from other
countries like Germany also revealed the increase in VRE rate from
less than 5% in 2001 to 14.5% in 2013, mainly vancomycin-resistant
E. faecium.?’ The most common species of Enterococcus isolated
during the study period is E. faecium, although it varied between
years. Initially, from 2017 to 2018, E. faecalis was the predominant
isolate, but gradually, the frequency of isolation of E. faecium,
which is more drug-resistant, has started increasing. This is in
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concordance with the Indian study conducted by Khandelwal et al.
in April 2020 in a tertiary care center in Gujarat, where E. faecium
is the predominant species isolated.'® In contrast, another Indian
study conducted by Deshpande et al. in a tertiary care center in
Mumbai has shown that E. faecalis to be the commonly isolated
species than E. faecium."® A study on VRE bacteremia surveillance
conducted in Switzerland has also shown that E. faecalis to be the
commonest species isolated.

In the present study, middle-aged and elderly adult males
[50/63 (79.3%)] with the mean age of 56 years are the predominant
age-group from whom VRE has been isolated. Various other
studies also have shown that the VRE colonization and infection
being common between the age of 55 years and 75 years.!"?!
Commonrisk factors for VRE colonization and bacteremiainclude
immunosuppression, neutropenia, renal insufficiency, prolonged
hospital stay, ICU admission, staying in close proximity to a VRE
patient, and extensive antimicrobial use.?2%3

In our study, prolonged ICU stay due to sepsis (25.3%), CKD
(14.28%), acute myeloid leukemia (12.6%), and gastrointestinal
(Gl) infections and surgeries (11.1%) are the common risk factors
associated with VRE bacteremia. The majority of the VRE cases
[43/63 (68%)] were isolated from the patients admitted to ICUs than
from non-ICU locations. In concordance, several other studies have
also shown that prolonged ICU stay to be one of the mostimportant
causes for a significant increase in the VRE rate. 2%

In our study, the most common VRE phenotype detected
is VanA (81%), and it produces inducible, high-level resistance
to vancomycin (MICs, >64 pg/mL) and teicoplanin (MICs,
>16 pg/ mL)."” This occurs due to the substitution of D-Ala-D-Ala
peptide on NAM subunits with D-Ala-D-Lac, which reduces the
affinity of vancomycin for the pentapeptide to 1,000-folds." VanB-
mediated resistance is comparatively rare (8%), and it confers
moderate- to high-level resistance to vancomycin (varied from
4 to 256 pug/ml) but remains susceptible to teicoplanin.” VanC-
mediated resistance attributed to 11% of total VRE, which confers
intrinsic resistance to both vancomycin and teicoplanin.'” This
finding is in concordance with other studies where VanA is the
most common phenotype to be isolated.??®

The susceptibility pattern of the VRE isolates to other
commonly used antibiotics was found to be variable. The majority
of theisolates were susceptible to linezolid (79.3%) and high-level
gentamicin (71.4%), whereas reduced susceptibility was observed
in antibiotics like levofloxacin (33.3%), ampicillin (28.5%), and
teicoplanin (7.9%). Among the VRE isolates, 8/63 (12.7%) were
found to be resistant to linezolid. Linezolid-resistant enterococci
and VRE are also an emerging global threat as there is limited
treatment option available.”” The above data show that there is a
high prevalence of multidrug-resistant enterococci in our setting.
This concomitant high-level resistance to other antibiotics will
have adverse therapeutic and clinical implications, as it narrows
down the therapeutic options available for treating enterococcal
infections.

The present study has few limitations. Only blood isolates were
included in this study. The VRE distribution in other specimens
was not studied. This study did not involve the screening for VRE
colonization of the other patients in ICU and wards where VRE
has been isolated from clinical specimens. The clinical outcome,
follow-up, and infection control measures taken for the patients
with VRE bacteremia were not studied.
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CONCLUSION

In this study, we found a rapid surge of VRE bacteremia in our
healthcare setting, which is probably due to the overuse of
antibiotics and prolonged hospital stay. It is very important to
identify, treat, and take preventive measures to limit the spread
of VRE, which otherwise will result in serious consequences.
Active screening of at-risk patients for VRE colonization is an
important step to initiate appropriate infection control measures
thatinclude isolation and cohort of the VRE colonized patients,
using patient-dedicated equipment, absolute adherence to
hand hygiene, and cleaning the room effectively after the
discharge of the patient. Itis also important to follow principles
of antimicrobial stewardship, such as avoidance of use of
vancomycin for surgical antimicrobial prophylaxis, avoiding the
empirical use of vancomycin if not indicated, and de-escalating
from vancomycin to a susceptible narrow-spectrum antibiotic
when the blood culture is negative for beta-lactam-resistant
Gram-positive microorganisms.'”?° This increasing trend of VRE
bacteremia is a red alert to the clinicians, and strict antibiotic
policies and proper adherence to the infection control practices
should be followed to reduce the VRE rate.
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