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Abstract:

Enterococci are among the normal human microbiota inhabiting the gastrointestinal tract. However,
they can translocate into blood causing infections. Many Enterococci species are identified, with E.
faecium and E. faecalis being the most isolated species causing human infections. Both inherent and
acquired anti-microbial resistance among Enterococci play a great role in the development and
spread of MDR strains. This indicates a major challenge in treating enterococcal infections with
empirical regimens. Also, the high level of resistance may be attributed to the excessive of these
antibiotics for Gram positive bacterial infections in our locality. Enterococci are known to be
biofilm producers. Biofilm production occurs in a dynamic process. Adherence of bacterial cells to
specific surfaces, such as, medical devices, dead tissues, and catheters, is considered the first crucial
step in biofilm production. Biofilm production aids to the virulence and pathogenicity of
Enterococci. Biofilm production exhibits antibiotic resistance and failure of antibodies killing

function. Our aim of this review is to demonstrate the characteristics of Enterococcus as regarding
&irulence factors, antibiotic Resistance, pathogenesis, and recent possible treatment. /

Key words: Enterococci, Antibiotic resistance, biofilm production,

DOI : 10.21608/SMJ.2024.313933.1491 Received: September 09, 202 Accepted: September 10, 2024

Published: September 30, 2024

Corresponding Author: Mai Gamal Khalifa E.mail: maigamal@med.sohag.edu.eg

Citation: Mai Gamal Khalifa . et al., Enterococcus: Review of its Pathogenesis, Antibiotic Resistance, and Treatment
SMJ,2024 Vol. 28 No(3) 2024: 35- 43

Copyright Mai Gamal Khalifa . et al., Instant open access to its content on principle Making research freely available to the
public supports greater global exchange of research knowledge. Users have the right to read, download, copy, distribute, print or
share the link Full texts

35



Mai Gamal Khalifa .et al.,2024

Vol. 28 No(3) 2024

Introduction:

Enterococci are among the normal human micro-
biota inhabiting the gastrointestinal tract. Howe-
ver, they can translocate into blood causing infect-
ions.Y). On the WHO's list of priority pathogens,
Enterococci are frequently seen in hospital-acqu-
ired infections and are growing more important as
a result of strains of the infection becoming resist-
ant to several treatments.®

Enterococci are non-spore-forming bacteria. They
can proliferate under a variety of diverse cond-
itions. They are facultative anaerobe and are con-
sidered as lactic acid bacteria. ® They can survive
high salt concentrations; 6.5% Sodium Chloride
(NaCl), in contrast to Streptococci. They can
withstand extremes of temperature. They can
grow at as low as 5°C, as high as 50°C. They can
survive at 60°C for as long as 30 min. The opti-
mum growth temperature ranges between 37 and
42.7°C. They can withstand pH extremes. The
optimum pH for their growth is pH 7.5.%)
Enterococci, belonging to the phylum Firm-
icutes, represents a natural element of the human
microbiota. The human gut contains roughly 10°
to 10’ Enterococcus (up to 1% in the colon, 1%

in the ileum,). Most are E. faecalis and E.
faecium with E. durans, E. hirae, E. avium, E.
cecorum, E. casseliflavus, and E. gallinarum to
a lesser extent.®

Enterococci presence in the gastrointestinal tract
is mainly limited to the ileum and the colon.
Intestinal epithelial cells and Paneth cells secrete
lectin Regenerating islet-derived protein Il gam-
ma (REGIIIy) protein in response to heavy load of
Gram-negative bacteria. Gram negative bacteria
microorganism-associated ~ molecular  patterns
(MAMPs), such as the lipopolysaccharide of the
outer-membrane (within the intestinal lumen) and
flagellin (within subepithelial tissues), are recog-
nized by pattern recognition receptors (PRRS)
such as Toll like receptors (TLR); TLR4 and
TLR5, respectively.

Lectin REGIIly in turn blocks Gram positive
bacteria intestinal colonization. However, massive
antibiotic therapy can reduce the Gram-negative
bacteria load , and thus the lectin REGIIly allo-
wing massive colonization with Gram positive
bacteria such as Enterococci especially the drug
resistant strains such as VRE (Fig. 1).©
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Figure (1): Effects of antibiotics on the gastrointestinal microbiota and VRE emergence.”

Enterococci are able to invade the extra intestinal
regions, and reach blood, and lymphatics initiating
human infections, so they can shift from comm-
ensals to pathogens.®

Virulence Factors:

Externally secreted factors:

1-Cytolysin:

Cytolysin is one of the secreted virulence factors
that is expressed mainly by many E. faecalis
strains. It's linked to human diseases, and increa-
sed patient morbidity and mortality. It's a hemol-
36

ytic virulence factor and is also considered one of
the bacteriocins as it exhibits lytic activity for
both mammalian cells as human erythrocytes, pol-
ymorph nuclear leukocytes, retinal cells, and
intestinal epithelial cells, and a widespread div-
ersity of Gram-positive bacteria, including

lactobacillales, Clostridia, and Staphylococci.®
2-Gelatinase:

Gelatinase is an extracellular secreted bacterial
Zinc-metallo-endopeptidase that breaks down
many substances including collagen, gelatin, cas-
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ein, and hemoglobin. % It also has a role in
biofilm production, bacterial colonization, and
persistence in some infection sites ™ Gelatinase
gives E. faecalis the ability to hydrolyze gelatin,
hemoglobin, casein, collagen, and other peptides.
It helps enterococcal evasion form innate immune
response.®?

3-Secreted antigen A:

Secreted antigen A is exclusively found in E.
faecium. It has a role in cell growth, conceivably
because of its interactions with the cell wall met-
abolism. It also binds to a range of extracellular
matrix proteins and is associated with biofilm
formation.*

4-Serine protease:

Serine protease is an extracellular secreted endop-
eptidase. It regulates bacterial autolysis and
extracellular release of DNA. It also plays a role
in biofilm production by Enterococci. It has been
recognized to be related to enterococcal infections
such as peritonitis, endophthalmitis, endocarditis,
and orthopedic implant infections.®¥

5-Glycosyl hydrolase:
Glycosyl hydrolase is a hyaluronic acid degra-

dative enzyme that breaks down hyaluronic acid
increasing connective tissues permeability, thus,
allowing spread of Enterococci through host
tissues. It's encoded by a chromosomal gene call-
ed hyl. @

Cell-surface associated factors:

1-Enterococcal surface protein:

Enterococcal surface protein (Esp) is a surface
protein with a high molecular weight. It's related
to enterococcal endocarditis, bacteremia, and
UTIs. It helps enterococcal colonization, evasion
from host immune response, adherence to surf-
aces, and also biofilm formation. Enterococcal
strains with Esp show higher antibiotic resistance
to ampicillin and ciprofloxacin than those without
Esp. ?

2-Aggregation substances:

Aggregation substances are hair like glycoproteins
that are located on the bacterial surfaces. Expr-
ession of aggregation substances leads to bacterial
clumping and biofilm formation. Aggregation
substances help Enterococci adherence to other
bacterial cells, and to eukaryotic cells. They also
reduce the superoxide function. ®
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Aggregation substances are a group of proteins
encoded by plasmid on a gene called asal gene.
Aggregation substances play a role in conjugation
assisting transfer of plasmid carrying virulence
traits, and also antibiotic resistance genes. Aggr-
egation substances are also included in eukaryotic
cell binding.®*"

1-Microbial Surface Components Recognizing
Adhesive Matrix Molecules:

They are a subfamily of adhesins secreted by
Enterococci and are attracted to specific proteins
in human tissues.

1-Biofilm production

It has been reported that more than 80% of
nosocomial infections caused by Enterococci are
due to biofilm producing strains. The high prev-
alence is among urinary catheter associated infec-
tions, endocarditis, central venous catheter assoc-
iated bacteremia. “® Biofilm is defined as a
population of mono or poly microbial aggregate-
ions of cells that are irreversibly attached to each
other, and to a living or non-living surfaces surr-
ounded by a matrix of extracellular polymeric
substances which are self-produced by the
bacterial cells. @

The frequency of E. faecalis biofilm formation in
UTIs isolates has been reported to be fifty-point
four percent at Shenzhen Nanshan Hospital in
China. %

Biofilms affect almost every aspect of human life,
including energy consumption, equipment deterio-
ration, infections, contaminated products, public
health, and industrial issues. %

Biofilm associated infections is a great challenge
to human health. It is considered a major threat of
modern medicine due to difficulty of antibiotic
penetration and thus eradication. %2

In comparison to non-biofilm producing bacteria,
E. faecalis biofilms are 1000 times more resistant
to pha?ocytosis, antibodies, and antimicrobial
agents. %

Antibiotic Resistance:

Enterococci infections treatment is a great chall-
enge; owing to the high rate of antibiotics resist-
ance of Enterococci. Enterococci are known with
their capability of easil?/ acquiring and sharing
antimicrobial resistance. ¥

Intrinsic resistance is due to genetic determinants
encoded within the core genome of all members
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of a bacterial genus. A phenomenon called antib-
iotic tolerance, is defined as tolerance to antibiotic
concentrations near their minimum inhibitory
concentrations (MICs), is considered a form of
intrinsic resistance. ¢

While, acquired resistance is due to acquisition of
new genetic materials creating hybrid genomes
among other Enterococci, and genes transfer
across species through horizontal gene transfer, or
through sporadic mutations to intrinsic genes.
Horizontal gene transfer is defined as spread of
genetic materials through plasmids and transpo-
sons. Acquired resistance is present only in some
members of a bacterial genus.

Glycopeptide resistance:

Glycopeptide antibiotics include vancomycin, tei-
coplanin, and newer derivatives. Vancomycin was
considered an invincible antibiotic for a long time.
It remained active against E. faecium and E.
faecalis for almost three decades after its clinical
introduction in the market. "

In the early 1980s, In USA, Ampicillin resistant
E. faecium was observed. After that, in the 1990s,
emergence of VRE was reported. While in Euro-
pe, the emergence of VRE was reported in
1986.%

Macrolides are used mainly to treat Gram-positive
bacterial serious infections. The main mechanism
of action of these antibiotics is interference with
peptidoglycan layer synthesis. Peptidoglycan
precursors ending in D-Ala-D-Ala peptide are
incorporated by trans glycosylation and transpe-
ptidation to strengthen the cell wall. Glycopeptide
antibiotics bind with high affinity to the D-Ala-D-
Ala peptide inhibiting peptidoglycan synthesis and
thus impair the cell wall integrity.®

Enterococcal glycopeptide resistant  strains
exchange the D ala peptide ending for D-lac or D-
Ser. These two substitutions have a much poorer
affinity to glycopeptides compared with the D-ala
(~1000-fold reduction for D-Ala-D-lac; ~7 fold
for D-Ala-D-Ser). Therefore, the antibiotic can't
bind onto peptidoglycan. ¢

Vancomycin resistance operon (Van) provides
Enterococcus spp. resistance to glycopeptide
antibiotics. This operon can be carried on mobile
genetic elements. Certain glycopeptide resistance
types are encoded as a part of certain enterococcal
species genome. ®Y
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Aminoglycosides resistance:

Aminoglycosides antibiotics, such as gentamicin
and streptomycin inhibit the bacterial protein
synthesis. Enterococci are intrinsically resistant
to Aminoglycosides antibiotics because their cell
wall is naturally impermeable for aminoglyco-
sides. %

Enterococci have intrinsic low-level resistance to
Aminoglycosides with MICs ranging from 4
ug/mL to 256 pug/mL. While Enterococci growth
at concentrations of 500 mg/L and 2000 mg/L of
Gentamicin and Streptomycin, respectively, on
brain heart infusion agar is defined as high level
Aminoglycosides resistance (HLAR). HLAR is
predominantly due to acquired genes encoding the
aminoglycoside modifying enzymes (AMES) such
as aminoglycoside phosphoryl transferase (APH),
aminoglycoside nucleotidyl transferase (ANT),
and aminoglycoside acetyl transferase (AAC).
The action of these enzymes reduces the synerg-
istic activity of Gentamicin when combined with
Ampicillin or Vancomycin. 2

Aminoglycosides only are ineffective in entero-
coccal infections treatment, so they are mostly
prescribed in combinations with cell wall synth-
esis inhibitors. ¥

The use of an antibiotic agent that inhibits the cell
wall synthesis, such as B-lactam antibiotics, ampi-
cillin, or vancomycin weakens the enterococcal
cell wall allowing Aminoglycosides to enter the
cells and exert their action. Here, the effect of
these agents and Aminoglycosides together is
higher than the sum of their effects individually;
this is called (synergy). ©°

Erythromycin (Macrolides) resistance:
Macrolides are a group of antibiotics including,
Erythromycin, Tylosin, and Azithromycin. Erythr-
omycin is specially used as a therapeutic agent
against enterococcal infections. Macrolides bind
to the 50s subunits in the bacterial ribosomal 23S
rRNA, thus, inhibiting bacterial protein synth-
esis.®¥

Erythromycin resistance gene; ermB is the most
frequent erm gene in Erythromycin resistant Ent-
erococci isolates. ermB gene encodes for the
ribosomal RNA methylase that leads to Methy-
lation of 23S rRNA hindering macrolides riboso-
mal binding.




Mai Gamal Khalifa et al.,2024

Vol. 28 No(3) 2024

Daptomycin resistance:

Daptomycin causes alteration of the bacterial cell
membrane function and characters. It binds with
the bacterial cell membrane in presence of Ca*?
ions. When daptomycin interact with phosphate-
idylglycerol component of the bacterial cell mem-
brane, it aggregates and enters through the cell
membrane to the inside of the cell. Therefore,
pores are formed on the cell membrane leaking
ions depolarizing the cell membrane. ©”)

Linezolid resistance:

Owing to its great pharmacodynamics and pharm-
acokinetic characters, Linezolid is widely overu-
sed in clinical practices in both developed and
developing countries. ©®

Linezolid is mainly active against Gram positive
bacteria such as Staphylococci, Enterococci, and
Streptococci. Gram negative bacteria show intri-
nsic resistance to Linezolid. It's recommended in
treatment of severe infections caused by these
microorganisms such as nosocomial acquired pne-
umonia, bloodstream infections, skin and soft
tissue infections especially those caused by MDR
strains that showed therapeutic failure by other
drugs. ©”

Linezolid is considered the last line of treatment
in infections caused by Vancomycin-resistant E.
faecium (VREfm), Methicillin- resistant Staphyl-
ococcus aureus (MRSA) and Methicillin-resistant
coagulase-negative Staphylococci (MRCNS) .8

Plasmid-born poxtA gene that leads to ribosomal
gg())tection was recently reported in Enterococci.

Nowadays, one of the most challenging problems
is the emergence of Enterococci resistant to
Linezolid, which is the main antibiotic that can be
used to treat Vancomycin resistant enterococcal
infections. “%

Enterococcal Infections:

Several retrospective studies have reported that
the crude mortality rates for enterococcal
bacteriemia are 13% to 68%. In the first wave of
enterococcal infections it was reported that 90%
of the overall cases was attributed to E. faecalis,
while the remaining 10% was attributed to E.
faecium. Currently, the remarkable resistance of
E. faecium to several antibiotics including vanco-
mycin, ampicillin, and aminoglycoside makes E.
faecium one of the most common species isolated
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from enterococcal infections representing about
40% of all enterococcal infections. %)
Enterococcal infections are commonly polymicr-
obial with poor Erognosis and increased morbidity
and mortality .“*?

Polymicrobial Enterococcal infections may be
attributed to that Enterococci facilitate other
pathogenic bacterial colonization and persistence.
These polymicrobial enterococcal infections are
difficult to be treated, and eradicated. Recently,
researchers observed that biofilm formation, meta-
bolic cross feeding; which is defined as "nutrients
transfer among microorganisms", and virulence
enhancement by Enterococci enhance the co-
infection with Staphylococcus aureus, E. coli,
and Clostridioides difficile .

Urinary tract infections:

Enterococcal nosocomial UTIs are most comm-
only complicated UTIs, such as, perinephric
abscess, pyelonephritis, and prostatitis. These
complications are mainly related to urinary tract
congenital anomalies, urinary catheters and prolo-
nged antibiotic intake.

Moreover, high incidence of VRE colonizes the
urinary tract, causing uncomplicated UTIs or asy-
mptomatic bacteriuria, and is highly associated
with increased patient morbidity and mortality. ¥

Endocarditis:

Enterococci are known to be the second most
common cause of infective endocarditis. Vancom-
ycin resistant E. faecalis endocarditis causes gast-
rointestinal or genitourinary manipulation, liver
transplantation, damaged mitral valve infections,
or aortic valve infections. Moreover, Vancomycin
resistant E. faecium endocarditis is associated
with tricuspid valve infections .

E. faecalis also causes community acquired endo-
carditis with fever or a new murmur as the most
prominent signs of infection.

Enterococcal blood stream infections:
Enterococcal blood stream infections are mainly
explained by Enterococci translocation from the
gut into the bloodstream. Other routes of infection
include endocarditis, UTIs, intravenous lines, and
other abscesses. Mortality due to enterococcal
blood stream infections is related to the severity of
disease (based on APACHE 11 scores), age of the
patient, and use of third-generation Cephalo-
sporins, or Metronidazole. “®
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Oral cavity infections:

E. faecalis is commonly isolated from root canals
infections. It's considered one of the causative
agents of endodontic failed treatments. “”

As an opportunistic pathogen, E. faecalis causes a
variety of infections in the oral cavity, including
root canal infections, dental caries, primary endo-
dontic infections, marginal, periodontitis, persis-
tent/secondary infections, peri-implantitis, peri
radicular abscesses, and oral mucosal lesions. “®

Intra-abdominal and pelvic infections:

Several intra-abdominal and pelvic infections,
including abscesses wounds or peritonitis were
found to be caused by VRE. Mostly it is a part of
polymicrobial infection associated with other
Gram negative or anaerobic organisms. Often the
strains causing these are the patients' own intest-
inal flora. Also, enterococcal monomicrobial peri-
tonitis is identified specifically in patients with
liver cirrhosis or chronic peritoneal dialysis.

Skin and skin structure infections:

Mostly skin and skin structure infections are
polymicrobial infections. Enterococci are consid-
ered part of these microbes. %

Enterococcal Infections Treatment:
Intra-abdominal enterococcal infections:
Empirical coverage of Enterococci is not recom-
mended, unless, detected in cases with peritonitis,
immunosuppressed patients, cases with severe
sepsis, and in cases with persistent collections. %
Ampicillin can be used. For Ampicillin resistant
Enterococci; Vancomycin or Teicoplanin can be
used. While, for VRE, treatment options include
Daptomycin and Linezolid. %

Infective endocarditis:

The main line of treatment is Ampicillin
combined with Gentamycin or Vancomycin
combined with Gentamycin.

Also, combinations of Ampicillin and Ceftriaxone
are effective against (HLAR) Enterococci strains.
(52) Daptomycin combinations with  lactams is
also an effective treatment option.

Enterococcal blood stream infections:

The most common Enterococcus species isolated
from patients with enterococcal blood stream
infections is E. faecium. Daptomycin and Linez-
olid are the first line treatment options for VRE,
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with device removal and metastatic infection
identification.

Enterococcal central nervous system infections:
For VRE. faecium CNS infections treatment,
Linezolid is safe and effective, but, with consider-
ations of drug monitoring with prolonged treatm-
ent period. Intrathecal or intraventricular adminis-
tration of Daptomycin may be also effective. ©*

Enterococcal urinary tract infections:
Ampicillin, being highly concentrated in urine, is
an effective therapeutic option for Enterococcal
UTlIs. For treatment of uncomplicated cases; Am-
oxicillin, Nitrofurantoin, or Fosfomycin are effect-
tive. If the isolated strains are not sensitive;
Ampicillin, Vancomycin, Daptomycin, Fluoroqui-
nolones, and Oxazolidinones can be used. For
treatment of complicated cases; intravenous Amp-
icillin, Oxazolidinones, Fluoroquinolones, Vanco-
mycin, or Daptomycin are recommended. For
treatment of severe infections, Ampicillin combin-
ations with Streptomycin or Gentamicin are reco-
mmended. ®

Enterococcal Infections Prevention and Con-

trol:

Infection prevention and control strategies that

help reduce the spread and occurrence of VRE:

v Vancomycin judicious usage.

v Antibiotic stewardship programs limiting Van-
comycin and broad-spectrum antibiotics use
play a crucial role in prevention of the spread
and occurrence of VRE.

v' Cleaning measures to decontaminate the envi-
ronment, such as, routine Chlorhexidine
bathing in ICU and the non-touch automated
mobile ultraviolet units, also had a significant
impact in preventin% VRE spread and acqui-
sition in hospitals. ©°

v Hospital staff education programs, focusing on
the epidemiology of VRE and its implication
on health.

v" Defining the role of hospital microbiology labs
for identification of Enterococci and detection
of vancomycin resistance.

v’ Contact isolation of VRE positive patients ‘*°

v/ Hand hygiene measures which showed a
significant impact in preventing VRE spread.
Hand hygiene is associated with a 47%

reduction of VRE hospital acquisition.




Mai Gamal Khalifa et al.,2024

Vol. 28 No(3) 2024

References:

1) Kishk R, Nemr N, Soliman N, Ria E, Ahmed M,
Soliman N, High-Level Aminoglycoside and
Vancomycin Resistance in Enterococcus spp.
Isolated from Hospital Acquired Infections,
Ismailia, Egypt. Egyptian Journal of Medical
Microbiology; 2021. 30(4):113-119.

2) Conwell M, Dooley JS, & Naughton PJ,
Enterococcal biofilm, a nidus for antibiotic
resistance  transfer.  Journal of  Applied
Microbiology; 2022. 132(5):3444-3460.

3) Staley C, Dunny GM, & Sadowsky MJ,
Environmental and animal-associated Enterococci.
Advances in Applied Microbiology; 2014. 87:147-
186.

4) Teixeira LM, Carvalho MD, Shewmaker PL,
Facklam RR, Manual of Clinical Microbiology;
2015. 402:421.

5) Krawczyk B, Wityk P, Galecka M, & Michalik
M, The many faces of Enterococcus spp.—
commensal, probiotic and opportunistic pathogen.
Microorganisms; 2021. 9(9):1900.

6) Shokry M, Elhewala A, Megahed A, & Fakhr
AE, Incidence of Vancomycin  resistant
Enterococci colonization in Zagazig University
Pediatric ICU. Egyptian Journal of Medical
Microbiology; 2018. 27(1):17-24.

7) Arias CA, & Murray BE, The rise of the
Enterococcus: beyond vancomycin resistance.
Nature Reviews Microbiology; 2012. 10(4):266-
278.

8) Golob M, Pate M, KuSar D, Dermota U,
Avbersek J, Papi¢ B, & Zdovc I, Antimicrobial
resistance and virulence genes in Enterococcus
faecium and Enterococcus faecalis from humans
and retail red meat. BioMed Research International;
2019. 2019:2815279.

9) Rahman IR, Sanchez A, Tang W, van der Donk
WA, Structure-activity relationships of the
enterococcal cytolysin. ACS infectious diseases;
2021. 7(8):2445-2454.

10) Kalode V, & Patil P, Enterococcus species: a
systemic review. Journal of Pure and Applied
Microbiology; 2023. 17(2):761-767.

11) Ben O, & Smaoui S, Enterococci: between
emerging pathogens and potential probiotics.
BioMed Research International; 2019.
2019:5938210.

41

12) Mousavi MR, & Rostami FM, Microbial
pathogenesis and  biofilm  mediated by
Enterococcus. Reviews and Research in Medical
Microbiology; 2018. 29(2):51-58.

13) Geraldes C, Tavares L, Gil S, & Oliveira M,
Enterococcus Virulence and resistant traits
associated with its permanence in the hospital
environment. Antibiotics; 2022. 11(7):857.

14) NeSuta O, Budé&insky M, Hadravova R,
Monincova L, Humpoli¢kova J, & Cefovsky V,
How proteases from Enterococcus faecalis
contribute to its resistance to short a-helical
antimicrobial peptides. Pathogens and Disease;
2017. 75(7):ftx091.

15) Gao W, Howden BP, & Stinear TP, Evolution
of virulence in Enterococcus faecium, a hospital-
adapted opportunistic pathogen. Current Opinion in
Microbiology; 2018. 41:76-82.

16) Schiopu P, Toc DA, Colosi IA, Costache C,
Ruospo G, Berar G, ..& Todea DA, An
Overview of the factors involved in biofilm
production by the Enterococcus genus.
International Journal of Molecular Sciences; 2023.
24(14):11577.

17) Bin-Asif H, & Ali SA, The genus Enterococcus
and its associated virulent factors. Microorganisms;
2019. IntechOpen.

18) Asfaw T, Biofilm Formation by Enterococcus
Faecalis and Enterococcus Faecium. International
Journal of Research Studies in Biosciences; 2019.
7(4).

19) Das AK, Dudeja M, Kohli S, Ray P, Singh M,
& Kaur PS, Biofilm synthesis and other virulence
factors in  multidrug-resistant  uropathogenic
Enterococci isolated in Northern India. Indian
Journal of Medical Microbiology; 2020. 38(2):200-
2009.

20) Zheng JX, Bai B, Lin ZW, Pu ZY, Yao WM,
Chen Z, ..& Yu ZJ, Characterization of biofilm
formation by Enterococcus faecalis isolates
derived from urinary tract infections in China.
Journal of Medical Microbiology; 2018. 67(1):60.

21) Sharma S, Mohler J, Mahajan SD, Schwartz
SA, Bruggemann L, & Aalinkeel R, Microbial
biofilm: a review on formation, infection, antibiotic
resistance, control measures, and innovative
treatment. Microorganisms; 2023. 11(6):1614.

22) El-Shennawy G, Abd Ellatif R, Badran S, &
El-Sokkary R, Silver nanoparticles: a potential



Mai Gamal Khalifa et al.,2024

Vol. 28 No(3) 2024

antibacterial and antibiofilm agent against biofilm
forming multidrug resistant bacteria. Microbes and
Infectious Diseases; 2020. 1(2):77-85.

23) Tan CA, Antypas H, & Kline KA, Overcoming
the challenge of establishing biofilms in vivo: a
roadmap for Enterococci. Current Opinion in
Microbiology; 2020. 53:9-18.

24) Said MS, Tirthani E, & Lesho E, Enterococcus
infections. In: StatPearls. 2021. [Internet]

25) Gaca AO, & Lemos JA, Adaptation to
adversity: the intermingling of stress tolerance and
pathogenesis in Enterococci. Microbiology and
Molecular Biology Reviews; 2019. 83(3):10-1128.

26) Codelia-Anjum A, Lerner LB, Elterman D,
Zorn KC, Bhojani N, & Chughtai B,
Enterococcal urinary tract infections: a review of
the pathogenicity, epidemiology, and treatment.
Antibiotics; 2023. 12(4):778.

27) Garcia-Solache M, & Rice LB, The
Enterococcus: a model of adaptability to its
environment. Clinical Microbiology Reviews;
2019. 32(2):10-1128.

28) Ramos S, Silva V, Dapkevicius MD, Igrejas G,
& Poeta P, Enterococci, from harmless bacteria to
a pathogen. Microorganisms; 2020. 8(8):1118.

29) Kristich CJ, Rice LB, & Arias CA,
Enterococcal infection—treatment and antibiotic
resistance. Enterococci: from commensals to
leading causes of drug resistant infection. 2014.
[Internet].

30) Ruzickova M, Vitézova M, & Kushkevych I,
The characterization of Enterococcus genus:
resistance mechanisms and inflammatory bowel
disease. Open Medicine; 2020. 15(1):211-224.

31) Ahmed MO, & Baptiste KE, Vancomycin-
resistant Enterococci: a review of antimicrobial
resistance mechanisms and perspectives of human
and animal health. Microbial Drug Resistance;
2018. 24(5):590-606.

32) Shete V, Grover N, & Kumar M, Analysis of
Aminoglycoside  modifying  enzyme  genes
responsible  for  high-level ~ Aminoglycoside
resistance among enterococcal isolates. Journal of
Pathogens; 2017. 2017:3256952

33) LiW, LiJ, Wei Q, Hu Q, Lin X, Chen M, Ye
R, Lv H, Characterization of aminoglycoside
resistance and  virulence  genes  among
Enterococcus spp. isolated from a hospital in
China. International Journal of Environmental
Research and Public Health; 2015. 12(3):3014-25.

42

34) Lee YJ, Kim K, & Lee YJ, Dissemination and
characteristics of high-level Erythromycin-resistant
Enterococcus faecalis from bulk tank milk of dairy
companies in Korea. Canadian Journal of
Veterinary Research; 2023. 87(1):51-58.

35) Suresh S, Mariappan S, Venkataramana GP,
Khodabux RM, & Sekar U, Detection of ermB
mediating Erythromycin resistance in clinical
isolates of Enterococci. International Journal of
Medical and Pharmaceutical Research; 2024.
5(1):89-93

36) Kramer TS, Schwab F, Behnke M, Hansen S,
Gastmeier P, & Aghdassi SJ, Linezolid use in
German acute care hospitals: results from two
consecutive national point prevalence surveys.
Antimicrobial Resistance & Infection Control;
2019. 8:1-11.

37) Zahedi A, Rahbar M, Yousefi M, Asgharzadeh
M, Samadi H, Linezolid: a promising option in
the treatment of Gram-positives. Journal of
Antimicrobial Chemotherapy; 2017. 72:354-364.

38) Sadowy E, Linezolid resistance genes and genetic
elements enhancing their dissemination in
Enterococci and Streptococci. Plasmid; 2018.
99:89-98.

39) Antonelli A, D’Andrea MM, Brenciani A,
Galeotti CL, Morroni G, Pollini S, ... & Rossolini
GM, Characterization of poxtA, a novel phenicol—
oxazolidinone—tetracycline resistance gene from an
MRSA of clinical origin. Journal of Antimicrobial
Chemotherapy; 2018. 73(7):1763-1769.

40) Krawczyk B, Wysocka M, Kotlowski R, Bronk
M, Michalik M, & Samet A, Linezolid-resistant
Enterococcus faecium strains isolated from one
hospital in Poland—commensals or hospital-adapted
pathogens. PLOS One; 2020. 15(5):e0233504.

41) Weng PL, Ramli R, Hamat RA, Antibiotic
susceptibility patterns, biofilm formation and esp
gene among clinical Enterococci: Is there any
association?. International Journal of
Environmental Research and Public Health; 2019.
16:3439.

42) Barshes NR, Clark NJ, Bidare D,
Dudenhoeffer JH, Mindru C, & Rodriguez-
Barradas MC, Polymicrobial foot infection
patterns are common and associated with treatment
failure. Open Forum Infectious Diseases; 2022.
9(10):0fac475.



Mai Gamal Khalifa et al.,2024

Vol. 28 No(3) 2024

43) Xu W, Fang Y, & Zhu K, Enterococci facilitate
polymicrobial infections. Trends in Microbiology;
2023. 32(2):162-1717.

44) Giannakopoulos X, Sakkas H, Ragos V,
Tsiambas E, Bozidis P, Evangelou AM, ... &
Sofikitis N, Impact of enterococcal urinary tract
infections in  immunocompromised-neoplastic
patients. J BUON; 2019. 24(5):1768-1775.

45) Forrest GN, Arnold RS, Gammie JS, &
Gilliam BL, Single center experience of a
Vancomycin resistant enterococcal endocarditis
cohort. Journal of Infection; 2011. 63(6):420-428.

46) Selleck EM, Van D, & Gilmore MS,
Pathogenicity of Enterococci. Microbiology
Spectrum; 2019. 7(4).

47) Kim MA, Rosa V, & Min KS, Characterization
of Enterococcus faecalis in different culture
conditions. Scientific Reports; 2020. 10(1):21867.

48) Najafi K, Ganbarov K, Gholizadeh P,
Tanomand A, Rezaee MA, Mahmood SS, ...&
Kafil HS, Oral cavity infection by Enterococcus
faecalis: virulence factors and pathogenesis.
Reviews and Research in Medical Microbiology;
2020. 31(2):51-60.

49) Bhardwaj SB, Enterococci: an important
nosocomial pathogen. In Pathogenic Bacteria;
IntechOpen. 2019.

50) Arias CA, & Murray BE, Enterococcus species,
Streptococcus gallolyticus group, and
Leuconostoc species. Mandell, Douglas, and
Bennett's Principles and Practice of Infectious
Diseases; 2015. 2015:2328-2339.

43

51) Rello J, Campogiani L, & Eshwara VK,
Understanding resistance in enterococcal infections.
Intensive Care Medicine; 2020. 46:353-356.

52) Beganovic M, Luther MK, Rice LB, Arias CA,
Rybak MJ, & LaPlante KL, A review of
combination antimicrobial therapy for
Enterococcus faecalis bloodstream infections and
infective endocarditis. Clinical Infectious Diseases;
2018. 67(2):303-309.

53) Kanjilal S, Kalil AC, & Klompas M, What is
the best treatment for Vancomycin-resistant
enterococcal bloodstream infections. Critical Care
Medicine; 2018. 46(10):1700-1703.

54) Lee BJ, Vu BN, Seddon AN, Hodgson HA, &
Wang SK, Treatment considerations for CNS
infections caused by Vancomycin-resistant
Enterococcus faecium: a focused review of
Linezolid and  Daptomycin.  Annals  of
Pharmacotherapy; 2020. 54(12):1243-1251.

55) Reyes K, Bardossy AC, & Zervos M,
Vancomycin-resistant Enterococci: epidemiology,
infection prevention, and control. Infectious
Disease Clinics; 2016. 30(4):953-965.

56) Zhou X, Willems RJ, Friedrich AW, Rossen
JW, & Bathoorn E, Enterococcus faecium: from
microbiological insights to practical
recommendations for infection control and
diagnostics. Antimicrobial Resistance and Infection
Control; 2020. 9:1-13.



