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Abstract

Multidrug-resistant enterococci (MDR-E), particularly Enterococcus faecium and Enterococcus faecalis,
have emerged as major nosocomial pathogens responsible for severe infections such as bloodstream
infections, endocarditis, urinary tract infections, and intra-abdominal infections. The increasing
prevalence of vancomycin-resistant enterococci (VRE) and the emergence of strains resistant to last-line
agents such as linezolid and daptomycin have significantly limited therapeutic options. Enterococci exhibit
remarkable genomic plasticity and can acquire resistance determinants via horizontal gene transfer,
enabling rapid dissemination in hospital environments. Globally, the prevalence of VRE has increased
dramatically over the past two decades, posing significant clinical and economic challenges. This review
provides a comprehensive overview of the epidemiology, molecular mechanisms of resistance, clinical
impact, and current management strategies for MDR enterococcal infections. In addition, emerging
therapeutic approaches such as novel oxazolidinones, lipoglycopeptides, antimicrobial peptides,
bacteriophage therapy, and combination antibiotic therapy are discussed. Effective management of MDR
enterococcal infections requires a multidisciplinary approach that integrates antimicrobial stewardship,
infection control measures, and ongoing research into innovative therapeutic strategies.

Keywords: Enterococcus, vancomycin-resistant enterococci, antimicrobial resistance, linezolid,
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1. Introduction

Enterococci are Gram-positive facultative anaerobic cocci that are commonly found in the gastrointestinal
tract of humans and animals. Although they are typically harmless commensal organisms, they have
emerged as important opportunistic pathogens responsible for a wide range of infections in healthcare
settings. Among the more than 50 known species of enterococci, Enterococcus faecalis and Enterococcus
faecium are responsible for the majority of human infections.

In recent decades, enterococci have become one of the leading causes of hospital-acquired infections. This
is largely attributed to their intrinsic resistance to many antibiotics and their ability to acquire additional
resistance determinants through horizontal gene transfer. As a result, multidrug-resistant enterococci have
become increasingly prevalent worldwide.

Vancomycin-resistant enterococci represent one of the most significant antimicrobial resistance threats in
modern medicine. These pathogens are particularly problematic in hospitals because they can persist on
environmental surfaces for extended periods and spread rapidly among vulnerable patients. The
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prevalence of VRE has increased dramatically in many countries, and bloodstream infections caused by
VRE are associated with high mortality rates.

The therapeutic management of MDR enterococcal infections is challenging because of limited
antimicrobial options. Historically, vancomycin was considered the treatment of choice for serious
enterococcal infections. However, the emergence of VRE has necessitated the use of alternative agents
such as linezolid and daptomycin. Unfortunately, resistance to these drugs has also been reported, raising
concerns about the future availability of effective therapies.

Given the increasing burden of MDR enterococcal infections, there is an urgent need to understand the
mechanisms of resistance and develop new strategies for prevention and treatment. This review examines
the epidemiology, resistance mechanisms, clinical impact, and management strategies associated with
MDR enterococcal infections.

2. Epidemiology of Multidrug-Resistant Enterococci

Enterococci have become a major cause of healthcare-associated infections globally. Their ability to
survive harsh environmental conditions and their intrinsic resistance to many antimicrobial agents allow
them to thrive in hospital environments.

Studies have shown that the prevalence of VRE has increased significantly over the past two decades. In
some regions, the proportion of enterococcal isolates resistant to vancomycin has increased from less than
1% to more than 40% in certain hospital settings.

VRE infections are particularly common in:

e intensive care units

e oncology wards

e transplant units

o long-term care facilities

Risk factors associated with VRE infections include prolonged hospitalization, previous antibiotic
exposure, invasive procedures, and immunosuppression.

In addition to hospital-acquired infections, community-associated VRE infections have also been reported,
highlighting the expanding epidemiological scope of these pathogens.

3. Mechanisms of Antimicrobial Resistance

Enterococci possess a wide range of intrinsic and acquired resistance mechanisms that enable them to
survive exposure to multiple antibiotics.

3.1 Intrinsic Resistance

Enterococci naturally exhibit resistance to several antibiotics including:

e cephalosporins

e low concentrations of aminoglycosides

e clindamycin

This intrinsic resistance limits the number of antibiotics that can be used to treat enterococcal infections.

3.2 Vancomycin Resistance

Vancomycin resistance is primarily mediated by the van gene clusters, including vanA, vanB, vanC,
vanD, and vanE. These genes modify the peptidoglycan precursor in the bacterial cell wall from D-Ala-
D-Ala to D-Ala-D-Lac, thereby reducing the binding affinity of vancomycin.
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The vanA gene cluster is the most common mechanism of high-level vancomycin resistance and is often
carried on mobile genetic elements that can be transferred between bacterial species.

3.3 Linezolid Resistance

Linezolid resistance is typically caused by mutations in the 23S rRNA gene or by the acquisition of
resistance genes such as cfr, optrA, and poxtA, which modify the ribosomal target of the antibiotic.
Although linezolid resistance remains relatively uncommon, surveillance studies indicate that its
prevalence is gradually increasing in clinical isolates.

3.4 Daptomycin Resistance

Daptomycin resistance arises through mutations in genes involved in cell membrane regulation and
phospholipid metabolism. These mutations alter the charge and structure of the bacterial membrane,
reducing the ability of daptomycin to bind effectively.

Figure 1. Molecular Mechanisms of Resistance in Enterococci

(Suggested figure for journal submission)

Components to include:

o vanA gene-mediated cell wall modification

o ribosomal mutations causing linezolid resistance

e membrane changes causing daptomycin resistance

e plasmid-mediated gene transfer

4. Clinical Manifestations of MDR Enterococcal Infections

Multidrug-resistant enterococci can cause a wide range of infections, including:

e bloodstream infections

« infective endocarditis

e urinary tract infections

e intra-abdominal infections

e surgical site infections

Among these, bloodstream infections are associated with particularly high mortality rates.

Infections caused by VRE are often difficult to treat because they occur in patients with multiple
comorbidities and compromised immune systems.

5. Current Therapeutic Strategies

5.1 Linezolid

Linezolid is an oxazolidinone antibiotic that inhibits bacterial protein synthesis by binding to the 50S
ribosomal subunit. It is widely used for the treatment of VRE infections.

However, prolonged use of linezolid may lead to adverse effects such as:

o thrombocytopenia

e anemia
o peripheral neuropathy
5.2 Daptomycin

Daptomycin is a lipopeptide antibiotic that disrupts bacterial cell membranes, resulting in rapid
bactericidal activity.
High-dose daptomycin therapy is commonly used for VRE bloodstream infections.
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Table 1. Antibiotics used in the treatment of VRE infections

Antibiotic Mechanism Clinical use

Linezolid Protein synthesis inhibitor First-line therapy
Daptomycin Membrane depolarization  Bloodstream infections
Tigecycline Protein synthesis inhibitor Complicated infections
Quinupristin-Dalfopristin Streptogramin Limited use
Ampicillin Cell wall synthesis inhibitor Susceptible strains

6. Combination Antibiotic Therapy

Combination therapy is increasingly used to treat severe MDR enterococcal infections.

Studies suggest that combining daptomycin with other antibiotics may enhance bactericidal activity.

For example, clinical research has demonstrated that daptomycin combined with fosfomycin may reduce
mortality in patients with VRE bloodstream infections compared with daptomycin monotherapy.
Similarly, combinations of daptomycin with f-lactam antibiotics have shown promising results in treating
difficult enterococcal infections.

Figure 2. Clinical Management Flowchart for MDR Enterococcal Infections
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7. Emerging Therapeutic Approaches

7.1 Novel Oxazolidinones

New oxazolidinone derivatives such as tedizolid and contezolid have demonstrated improved
pharmacokinetic properties and lower toxicity compared with linezolid.

7.2 Lipoglycopeptides

Long-acting lipoglycopeptides such as dalbavancin and oritavancin have shown activity against certain
Gram-positive pathogens and may represent promising alternatives.

7.3 Bacteriophage Therapy

Bacteriophages are viruses that infect bacteria and have gained renewed attention as potential treatments
for antibiotic-resistant infections.

7.4 Antimicrobial Peptides

Antimicrobial peptides derived from natural sources have demonstrated potent activity against MDR
pathogens and may serve as future therapeutic agents.

8. Infection Prevention and Control

Preventing the spread of MDR enterococci is essential for controlling outbreaks in healthcare settings.
Key infection control measures include:

o strict hand hygiene

e contact precautions
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e environmental disinfection
e antimicrobial stewardship programs
Effective infection control strategies can significantly reduce the transmission of VRE in hospitals.

9. Future Directions

Future research should focus on:

o development of new antimicrobial agents

o genomic surveillance of resistant pathogens

o rapid diagnostic tools

o alternative therapeutic approaches

Advances in genomics and molecular microbiology may help identify new drug targets and improve
treatment outcomes.

10. Conclusion

Multidrug-resistant enterococci represent a growing challenge for healthcare systems worldwide. The
increasing prevalence of vancomycin-resistant enterococci and the emergence of resistance to last-line
antibiotics such as linezolid and daptomycin have significantly complicated the treatment of enterococcal
infections. Effective management requires a comprehensive approach that includes targeted antimicrobial
therapy, infection control measures, antimicrobial stewardship programs, and continued research into
novel therapeutic strategies. Collaborative global efforts will be essential to combat the growing threat of
antimicrobial resistance in enterococci.
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