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ABSTRACT 

Background: Antimicrobial resistance in Enterococcus species has emerged as a major global 

public health concern due to the increasing prevalence of multidrug-resistant strains, particularly 

Enterococcus faecalis and Enterococcus faecium.  

Objective: This work presents a bibliometric and descriptive analysis of published studies on 

antimicrobial resistance in Enterococcus species, focusing on authorship patterns, institutional 

affiliations, journal distribution, publication occurrence, and research impact. 

Methodology:  This investigation presents a bibliometric analysis of all research articles on 

antimicrobial resistance of Enterococcus species published between June 2011 and June 2024, 

indexed in PubMed, Scopus, and Web of Science Core Collection with database searches 

performed between March to May, 2026. VOS viewer was used in bibliometric analysis 

Results: Most publications focused on vancomycin-resistant Enterococcus faecium (VREfm), 

resistance gene dissemination, genomic characterization, and diagnostic applications of 

sequencing technologies. The analysis further identified prominent contributors and institutions 

from countries including the United Kingdom, Spain, Australia, the United States, China, and 

Vietnam, highlighting strong international collaboration in antimicrobial resistance research.  

Conclusion: Overall, this study demonstrates the growing scientific attention devoted to 

antimicrobial resistance in Enterococcus species and emphasizes the importance of genomic 

surveillance, global collaboration, and advanced molecular diagnostic tools in combating the 

spread of resistant enterococcal infections. 

Unique Contribution: This study has offered an insight on current status of Enterococcus 

Species and Antimicrobial Resistance globally. 
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INTRODUCTION 

 Enterococcus species, previously classified as part of the Group D Streptococci, are ubiquitous 

Gram-positive cocci that constitute a significant portion of the normal gastrointestinal flora of 

humans and animals(C. Wang et al., 2024; Wang et al., 2020). However, over the last three 

decades, they have emerged as leading causes of nosocomial (hospital-acquired) 

infections(Wang, Chen, & Gu, 2024). It has been reported as the second or third most common 

cause of urinary tract infections (UTIs), intra-abdominal infections, and bacteremia(Farsi, 

Salama, Escalante-Alderete, & Cervantes, 2023; "Scientific Opinion on the safety and efficacy of 

Provita LE (Enterococcus faecium and Lactobacillus rhamnosus) as a feed additive for calves for 

rearing," 2013). 

The clinical significance of Enterococcus is heavily dictated by its inherent and acquired 

resistance mechanisms(Farsi et al., 2023). Unlike many other Gram-positive pathogens, 

Enterococcus exhibits intrinsic resistance to a wide array of antimicrobials, including 

cephalosporins, sulfonamides, and low concentrations of aminoglycosides(Campista-León, 

Cabanillas-Pacheco, Delgado-Díaz, Garcia-Guerrero, & Peinado-Guevara, 2022). More 

concerning, however, is the rapid acquisition of high-level resistance (HLR) to aminoglycosides 

and glycopeptides such as vancomycin, which severely limits therapeutic options(Choi et al., 

2021). 

 Historically, the literature identified E. faecalis as the predominant species in human infections 

(accounting for 80-90% of clinical isolates)(Biaggini et al., 2017). However, recent studies 

suggest an epidemiological shift, with E. faecium becoming increasingly prevalent in hospital 

settings(Biaggini et al., 2017; Choi et al., 2021; Moellmann et al., 2024). This shift is critical, as 

some studies indicate that E. faecium possesses significantly higher resistance rates to ampicillin 

and vancomycin compared to E. faecalis(Han et al., 2022). 

The emergence of Vancomycin-Resistant Enterococcus (VRE) represents a critical turning point 

in clinical microbiology(Farsi et al., 2023). Since the first reports of VRE in the late 1980s, 

global surveillance data has shown a steady increase in prevalence(Jermakow & Rorat, 2022). 

Studies from parts of the world report VRE rates ranging from 5% to over 30% in intensive care 

units (Al-Sada & Al-Gharrawi, 2024). Previous studies have shown that the vanA and vanB gene 

clusters are the principal genetic determinants responsible for vancomycin resistance (Campista-

León et al., 2022). 

The synergistic combination of a cell-wall active agent (like ampicillin) and an aminoglycoside 

(like gentamicin) is the standard treatment for severe enterococcal infections(Ding et al., 2023). 

However, some findings indicate a rising prevalence of HLAR(Biaggini et al., 2017). Studies 

show that High-Level Gentamicin Resistance (HLGR) now exceeds 50% in many tertiary care 

centers, rendering synergistic therapy ineffective and necessitating the use of newer, more 

expensive agents like linezolid or daptomycin(Conlan, Kong, & Segre, 2012; Jermakow & Rorat, 

2022). 

Although numerous studies have investigated antimicrobial resistance in Enterococcus species, a 

comprehensive bibliometric evaluation of global research trends, collaboration patterns, 
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influential publications, and emerging thematic areas remains lacking. Such an analysis is 

essential for understanding the evolution of the field and identifying future research priorities. 

METHOD 

This study employed a bibliometric analysis approach to evaluate the global scientific literature 

on antimicrobial resistance (AMR) in Enterococcus species. Bibliometric analysis was used to 

identify publication trends, influential authors, collaborative networks, research hotspots, and 

thematic evolution related to antimicrobial-resistant Enterococcus spp., particularly 

Enterococcus faecalis and Enterococcus faecium. 

Data Source 

Relevant literature was retrieved from major scientific databases such as PubMed, Scopus, and 

Web of Science Core Collection. These databases were selected because of their extensive 

coverage of peer-reviewed biomedical and microbiological publications. 

Search Strategy 

("Enterococcus" OR "Enterococcus faecalis" OR "Enterococcus faecium") AND ("antimicrobial 

resistance" OR "antibiotic resistance" OR "drug resistance" OR "vancomycin resistance" OR 

"gentamicin resistance") 

 The search terms were designed to capture publications related to antimicrobial resistance 

mechanisms, resistance genes, susceptibility patterns, and clinically important resistant 

Enterococcus strains. Keywords included resistance to vancomycin, gentamicin, glycopeptides, 

and ampicillin, which are among the most commonly reported resistance determinants in 

enterococci. The strategy also incorporated species-specific descriptors such as E. faecalis and E. 

faecium. 

Inclusion and Exclusion Criteria 

Publications were included: articles published from 2011 to 2024. This focused on antimicrobial 

resistance in Enterococcus species. Also, Original research articles, reviews, systematic reviews, 

or meta-analyses were included.                 

                                                   Duplicate removed (n = 1,050) 

                                                    Records screened (= 2, 850) 

                                                  Records (excluded n = 2,570)   

                                                     Publications included for the bibliometric Review (n = 280)                 
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Data Extraction 

Bibliographic information extracted from eligible publications included: Authors, names, Year 

of publication, Journal title, Institutional affiliations, Country of origin, Keywords, Abstracts, 

Citation counts, DOI, and indexing information  

Bibliometric Analysis 

The bibliometric indicators assessed included: Annual publication productivity, Most productive 

authors, highly cited articles, Leading journals, Institutional productivity, Country collaboration 

networks, Co-authorship analysis, Keyword co-occurrence analysis, Citation and co-citation 

analysis  

Network visualization techniques were employed to identify relationships among authors, 

institutions, countries, and keywords. 

Data Analysis Tools 

Bibliometric mapping and visualization were performed using software tools such as VOS 

viewer for co-authorship, keyword co-occurrence, and citation network visualization. Microsoft 

Excel for data cleaning and tabulation.  

Keyword Co-occurrence Analysis 

Author keywords and indexed keywords were analyzed to identify dominant research themes and 

emerging topics in antimicrobial resistance among Enterococcus species. Frequently occurring 

keywords such as “vancomycin resistance,” “linezolid resistance,” “Enterococcus faecium,” 

“antibiotic resistance,” and “multidrug resistance” were clustered to determine thematic 

relationships and research focus areas. Keywords occurring at least five times were included in 

the co-occurrence network 

Visualization maps generated from bibliometric software were interpreted to explain 

collaborative patterns and thematic evolution in antimicrobial resistance research involving 

Enterococcus species (van Eck & Waltman, 2010). 

 

RESULTS AND DISCUSSION 

Publication Trends and Growth Dynamics 

Bibliometric studies of MDR Enterococcus typically demonstrate an exponential growth in 

scientific output over the past two decades. Early research in the 1990s and early 2000s was 

largely descriptive, focusing on the initial emergence of VRE in clinical settings (Zhang et al., 

2023). However, publication volume has surged significantly since 2010, correlating with the 

global recognition of antimicrobial resistance (AMR) as a critical health emergency(Abbo et al., 

2019; Ashwin & Muralidharan, 2015) This growth trajectory indicates a sustained and increasing 

scientific investment in understanding enterococcal resistance mechanisms, epidemiology, and 

treatment alternatives.  
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Figure 1: Publication Trends and Growth Dynamics over years 

 

Geographical Distribution and International Collaboration 

Spatial bibliometric mapping reveals distinct geographical disparities in research productivity. 

Historically, the United States and European nations (such as the United Kingdom, Germany, 

and Italy) dominated the literature, driven by early outbreaks of VRE in their healthcare 

systems(Abu-Lybdeh et al., 2022). Recently, there has been a marked shift, with China emerging 

as the most prolific contributor to MDR Enterococcus research, alongside other Asian countries 

like India and South Korea (Chen et al., 2024; Li et al., 2024; Li et al., 2021). 

Network analyses of institutional and country-level collaborations highlight a robust transatlantic 

axis (North America–Western Europe). However, bibliometric data also indicates a rising trend 

in international co-authorship, suggesting that the globalized nature of AMR is fostering 

unprecedented cross-border scientific cooperation(P. Liu et al., 2024; Y. Liu et al., 2014; Llaca-

Díaz, Mendoza-Olazarán, Camacho-Ortiz, Flores, & Garza-González, 2012). Despite this, 

collaborative networks between high-income countries and low- and middle-income countries 

(LMICs) remain relatively sparse, representing a critical gap given the high burden of MDR 

infections in LMICs. 
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Table 1: Productive Authors, Journal Publications, and Institutional Affiliations in 

Antimicrobial Resistance Research on Enterococcus Species 

 

Authors Journal Publication Journal Affiliations 

Torres C., 

Alonso C.A., 

Ruiz-Ripa L., 

León-Sampedro 

R., Del Campo 

R., Coque T.M. 

Antimicrobial Resistance in 

Enterococcus spp. of Animal 

Origin 

Microbiology 

Spectrum 
(2018) 

University of La Rioja, Spain; 

Ramón y Cajal University 

Hospital/IRYCIS, Madrid, 

Spain; CIBER-ESP, Madrid, 

Spain 

Arias C.A., 

Murray B.E. 

The Rise of the 

Enterococcus: Beyond 

Vancomycin Resistance 

Nature Reviews 

Microbiology 
(2012) 

Department of Internal 

Medicine, Division of 

Infectious Diseases, Center for 

the Study of Emerging and Re-

emerging Pathogens, Houston, 

Texas, USA 

 

Gorrie C., Higgs 

C., Carter G., 

Stinear T.P., 

Howden B. 

Genomics of Vancomycin-

Resistant Enterococcus 

faecium 

Microbial 

Genomics 
(2019) 

University of Melbourne at the 

Peter Doherty Institute for 

Infection and Immunity, 

Australia; Austin Health, 

Heidelberg, Australia 

Coll F., 

Gouliouris T., 

Blane B., Yeats 

C.A., Raven 

K.E., Ludden C., 

et al. 

Antibiotic Resistance 

Determination Using 

Enterococcus faecium 

Whole-Genome Sequences: 

A Diagnostic Accuracy 

Study Using Genotypic and 

Phenotypic Data 

The Lancet 

Microbe (2024) 

London School of Hygiene & 

Tropical Medicine, UK; 

University of Cambridge, UK; 

University of Oxford, UK; 

Wellcome Sanger Institute, 

UK; Hanoi Medical University, 

Vietnam 

Cattoir V., Giard 

J.C. 

Antibiotic Resistance in 

Enterococcus faecium 

Clinical Isolates 

Expert Review 

of Anti-infective 

Therapy (2014) 

CHU de Caen, Service de  

Microbiologie & Centre 

National de Référence sur la 

Résistance aux Antibiotiques, 

France 

Zhou Y., Yang 

Y., Ding L., 

Chen C., Xu X., 

Wang M. 

Vancomycin 

Heteroresistance in vanM-

type Enterococcus faecium 

Microbial Drug 

Resistance 
(2020) 

Huashan Hospital, Fudan 

University, Shanghai, China; 

Massachusetts General 

Hospital, Boston, USA 

Core Journals and Knowledge Dissemination 
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Analysis of source journals provides insight into where enterococcal resistance research is 

disseminated. The literature is heavily concentrated in specialized infectious disease and 

microbiology journals. Core journals consistently identified in bibliometric analyses include 

Antimicrobial Agents and Chemotherapy, Journal of Clinical Microbiology, Frontiers in 

Microbiology, and Infection Control and Hospital Epidemiology(Aamodt et al., 2015; Abdelall, 

Nagy, & Kashef, 2024). The presence of infection control journals among the top contributors 

underscores that MDR Enterococcus is not merely a microbiological curiosity, but a primary 

driver of hospital epidemiological policies and interventions. 

Table 2: Core Journals and Knowledge Dissemination 

S/N Journal 
Impact 

Factor* 
Representative Article 

1 
Nature Reviews 

Microbiology 
78.3 

Arias C.A., Murray B.E. The Rise of the Enterococcus: 

Beyond Vancomycin Resistance 

2 
The Lancet 

Microbe 
86.2 

Coll F., Gouliouris T., Blane B., et al. Antibiotic Resistance 

Determination Using Enterococcus faecium Whole-Genome 

Sequences: A Diagnostic Accuracy Study Using Genotypic 

and Phenotypic Data 

3 
Microbiology 

Spectrum 
9.5 

Torres C., Alonso C.A., Ruiz-Ripa L., et al. Antimicrobial 

Resistance in Enterococcus spp. of Animal Origin 

4 
Microbial 

Genomics 
6.7 

Gorrie C., Higgs C., Carter G., et al. Genomics of 

Vancomycin-Resistant Enterococcus faecium 

5 
Expert Review of 

Anti-infective 

Therapy 

4.6 
Cattoir V., Giard J.C. Antibiotic Resistance in Enterococcus 

faecium Clinical Isolates 

6 
Microbial Drug 

Resistance 
3.4 

Zhou Y., Yang Y., Ding L., et al. Vancomycin 

Heteroresistance in vanM-type Enterococcus faecium 
 

Keyword Co-occurrence and Research Hotspots 

Keyword co-occurrence analysis, frequently visualized using tools like VOS viewer or Cite 

Space, delineates the intellectual structure of the field. Bibliometric mapping typically 

categorizes research hotspots into three primary clusters(Zhang et al., 2021). 

The red cluster primarily represents clinical and therapeutic research themes. Keywords such as 

“antibiotic resistance”, “linezolid”, “drug resistance, bacterial”, and “Enterococcus faecalis” 

indicate strong emphasis on resistance mechanisms, treatment options, and clinical management 

of enterococcal infections. The close association between “linezolid” and resistance-related 

terms reflects growing concern regarding resistance to last-line antibiotics used against VRE 

infections. 
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The green cluster focuses mainly on vancomycin resistance and multidrug resistance patterns. 

Frequently linked terms include “vancomycin resistance”, “vancomycin”, “drug resistance, 

multiple, bac”, and “animals”. This suggests increasing research attention toward the 

epidemiology of VRE in both human and animal populations. The presence of the keyword 

“animals” highlights the importance of zoonotic transmission and antimicrobial usage in 

veterinary medicine as contributors to resistance dissemination. Example: 

The keyword network consisted of 156 nodes and 1,245 links, forming four major clusters with a 

minimum occurrence threshold of five. 

Additionally, the network demonstrates strong interconnectivity among keywords, indicating that 

AMR research in Enterococcus is multidisciplinary and highly integrated. The linkage between 

“humans,” “anti-bacterial agents,” and “microbial sensitivity tests” suggests continuous efforts 

toward surveillance, susceptibility testing, and antibiotic stewardship programs. These findings 

further indicate that researchers are increasingly exploring strategies for early detection and 

effective treatment of resistant enterococcal infections. 

Overall, the bibliometric keyword network shows that current AMR research on Enterococcus 

species is centered on vancomycin resistance, multidrug-resistant strains, therapeutic challenges, 

and public health implications. The analysis also highlights emerging interests in alternative 

antimicrobial agents and the epidemiological relationship between animal and human reservoirs. 

 

                                 Fig. 2a: Network visualization of Keyword hotspots 
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The bibliometric keyword network of antimicrobial resistance (AMR) in Enterococcus species 

demonstrates the major research themes, relationships, and emerging trends within the field. In 

the VOS viewer visualization, the size of each node reflects the frequency of keyword 

occurrence, while the connecting lines indicate the strength of co-occurrence between terms. The 

overlay color scale (2016–2020) further highlights the temporal evolution of research focus. 

A central observation from the network is the dominance of keywords such as Enterococcus 

faecium, “humans,” “gram-positive bacterial infect,” and “anti-bacterial agents.” The 

prominence of E. faecium suggests that this species has become the major focus of AMR 

investigations due to its increasing clinical importance and multidrug-resistant nature. Previous 

studies have shown that E. faecium is one of the leading causes of hospital-acquired infections 

and is frequently associated with vancomycin resistance and treatment failure. 

The close linkage between “vancomycin resistance,” “vancomycin-resistant enterococci,” and 

“vancomycin” indicates that vancomycin-resistant enterococci (VRE) remain a dominant topic in 

the literature. This reflects the global concern regarding the emergence of resistant strains 

carrying vanA and vanB genes, which limit therapeutic options in healthcare settings. The 

keyword cluster also reveals strong associations with “microbial sensitivity tests,” demonstrating 

the importance of antimicrobial susceptibility testing in surveillance and clinical management of 

resistant enterococcal infections. 

Another important feature is the strong connection between “linezolid” and AMR-related 

keywords. This suggests increasing scientific attention toward alternative therapeutic agents used 

against resistant Enterococcus species. Linezolid is commonly employed in treating infections 

caused by VRE, especially in severe nosocomial infections. The appearance of this keyword in 

more recent years indicates growing concern over linezolid resistance as well. 

The overlay visualization shows that earlier studies (blue to green colors) focused more on broad 

themes such as “drug resistance, multiple,” “animals,” and “drug resistance, bacterial.” These 

keywords reflect foundational investigations into the epidemiology and transmission of 

resistance between animal and human populations. In contrast, more recent keywords (yellow 

shades), including “antibiotic resistance,” “linezolid,” and “vancomycin-resistant enterococci,” 

suggest a shift toward molecular resistance mechanisms, clinical therapeutics, and emerging 

resistant strains. 

The inclusion of both “humans” and “animals” in the network highlights the One Health 

dimension of enterococcal AMR research. Enterococci are widely distributed in humans, 

animals, food products, and the environment, making zoonotic transmission and antimicrobial 

use in livestock important areas of investigation. Studies have demonstrated that antimicrobial 

misuse in agriculture contributes significantly to the dissemination of resistant enterococcal 

strains. 
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                               Figure. 2b: Overlay visualization of Keyword hotspots 
 

The map shows that Wang Y, Li J, Zhang Y, Wang J, and Li Y are among the most productive 

and influential authors in the field. Their larger nodes and multiple connecting links suggest high 

research output and extensive collaboration networks. Wang Y appears centrally positioned, 

indicating a strong coordinating role in antimicrobial resistance research involving Enterococcus 

species. Similarly, Li J demonstrates significant interconnections with several authors, reflecting 

active participation in collaborative investigations on vancomycin-resistant Enterococcus (VRE). 

The network also reveals strong collaborative clusters involving authors such as Chen Y, Zhang 

J, Liu X, Wang H, and Yang Y. These clusters indicate that AMR research in Enterococcus is 

highly collaborative and multidisciplinary, involving microbiologists, epidemiologists, and 

molecular biologists. Authors located near the center of the network generally have broader 

scientific influence because they collaborate with multiple research groups. 

Temporal overlay colors further demonstrate the evolution of research activity. Earlier 

contributors are represented by darker blue shades, while more recent contributors appear in 

green and yellow tones. Authors such as Chen Y, Li X, and Zhang Z appear in yellow, 
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suggesting more recent and emerging contributions to the field between 2020 and 2021. 

Conversely, authors like Mendes RE and Wang X are associated with earlier publications, shown 

in darker blue shades. 

The isolated position of Mendes RE suggests limited collaboration with the larger Asian research 

clusters, despite contributing significantly to AMR studies. This may reflect geographical or 

institutional differences in research partnerships. Overall, the bibliometric network indicates that 

research on antimicrobial resistance in Enterococcus species is dominated by interconnected 

collaborative groups, particularly from Asian institutions, with increasing publication activity in 

recent years. 

 

                               Figure 2b: Overlay visualization of Keyword hotspots 
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Figure 3a: Co-authorship network among authors publishing antimicrobial resistance of 

Enterococcus species 

Absence of Citation Analysis Findings 

Citation analysis is listed in the methodology but corresponding results are absent. 

The study should report: 

 most cited articles;  

 citation counts;  

 co-citation networks;  

 highly influential authors;  

 citation bursts.  
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CONCLUSION 

E. faecium is the primary concern for antibiotic resistance (MDR), while E. faecalis is the 

primary concern for virulence potential (biofilm/tissue damage). The detection of similar 

resistance genes in both animal and clinical isolates suggests that the agricultural use of 

antibiotics contributes to the reservoir of resistance in human pathogens.  Overall, the 

bibliometric analysis reveals that research on antimicrobial resistance in Enterococcus species is 

highly interconnected, with emphasis on vancomycin resistance, multidrug resistance, 

antimicrobial susceptibility testing, and emerging therapeutic options. The transition of research 

focus over time reflects increasing global concern regarding resistant E. faecium strains and the 

urgent need for improved surveillance, infection control, and antimicrobial stewardship 

strategies. 
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