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Colonizer to Pathogen: A review on Enterococcal urinary tract infecƟons
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ABSTRACT

Enterococcus species has been historically known as part
of the commensal flora of the normal human alimentary
tract. Implicated in a wide array of illnesses encompassing
bloodstream infecƟons, urinary tract infecƟons, wound
infecƟons as well as intra-abdominal infecƟons, it has been
rapidly emerging as a pathogen of interest owing to its
propensity to acquire mulƟdrug resistance. Due to the high
anƟbioƟc pressure in healthcare seƫngs and salient intrinsic
resistance to commonly used classes of anƟmicrobials,
Enterococcus selecƟvely proliferates in nosocomial seƫngs.
Their hardy nature and ability to resist a wide array of
disinfectants enable them to proliferate on surfaces as well
as provide for efficient transmission in hospital seƫngs.
Since Urinary tract infecƟon (UTI) is one of the commonest
infecƟons caused by Enterococcus species. We aƩempt
to comprehensively overview the paradigm shiŌ of this
erstwhile colonizer to one of the common uropathogen in
hospital and community seƫngs.

KEYWORDS: Enterococcus, ColonizaƟon, Urinary tract infec-
Ɵon, Drug Resistance

INTRODUCTION

Enterococci are hardy, facultaƟve anaerobic, gram-
posiƟve cocci, predominantly in pairs or someƟmes in short
chains, that grow and survive in many environments. They
are relaƟvely common in the environment and are widely
found in soil, water, food, sewage, plants, human skin, the
oral cavity, and the large intesƟne, consƟtuƟng less than
1% of the total microbiota. [1] Enterococcus is part of the
normal flora of the intesƟne of humans and animals and
is tradiƟonally considered to be a low-grade pathogen, but
many of them are responsible for serious infecƟons.

The term “Enterococcus” was coined by Thierclein in
the late nineteenth century, when he isolated a gram-
posiƟve cocci of intesƟnal origin that caused infecƟons in
humans. [2]Subsequently, it was MacCallum and HasƟngs,
who isolated and characterized the gram-posiƟve coccus
from a severe case of acute endocardiƟs. [3] IniƟally termed
Micrococcus zymogenes the cocci thus recovered, once inoc-
ulated in pure culture and induced into animal models, it
demonstrated lesions of endocardiƟs in the animals. Thus,
fulfilment of the Koch’s postulates established the microor-
ganism as a natural human pathogen. Formerly classified
as Group D Streptococci, Enterococci were conferred genus
status in 1984 based on DNA hybridizaƟon and 16S rRNA
sequencing. [4]The genus Enterococcus is believed to have
diverged from its last common ancestor approximately 425
million years ago. [5]The members of the genus so contrived,
grew in the presence of 6.5% NaCl and 40% bile salts over
wide-temperature as well ass pH ranges, survived desicca-
Ɵon, host defences and competed in the alimentary canal to
persist and disseminate to facilitate the colonizaƟon of new
hosts.

The paradigm of human infecƟons caused by Entero-
coccus has much altered since. More than fiŌy-eight
species of Enterococcus have been isolated to date, of
whom, parƟcularly two species: Enterococcus faecalis and
Enterococcus faecium are parƟcularly pathogenic to man.
The other strains of enterococci known to cause human
infecƟons include- Enterococcus avium, Enterococcus galli-
narum, Enterococcus casseliflavus, Enterococcus raffinosus,
Enterococcus mundƟi and Enterococcus durans. These
non-faecium non-faecalis enterococci are increasingly being
reported as the causaƟve agents of the bloodstream and
endovascular infecƟons in humans over recent years. [6]
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Enterococci depict a wide host range, from invertebrates
and insects to mammals. The diverse array of host species
underscores the hardy nature and its ability to thrive in var-
ied gut environments by evasion of host defences. Accord-
ing to several studies, Enterococci are one of the earliest
colonizers of the infant human gut and consƟtute the core
members of the human gut microbiome. [7, 8]Likewise, they
are abundantly found as part of the commensal flora of
both domesƟc and wild animals; which may subsequently
lead to infecƟon in animals as well. However, despite being
an integral consƟtuent of the host microbiome, enterococci
comprise <1% of the total gut microbiota in healthy human
beings. With the use of anƟmicrobials, these microorgan-
isms proliferate within the gut environment due to intrinsic
and acquired drug resistance. The proficiency of Enterococci
to colonize the healthy human gut in addiƟon to paƟents on
anƟbioƟc therapy posiƟons them to effecƟvely exploit the
iatrogenic dysbiosis arising from various therapeuƟc inter-
venƟons and subsequently promotes the establishment of
a pathogenic micro-environment. [9, 10] Several studies con-
ducted in three mice models comprising of mice-pretreated
with anƟbioƟcs to deplete the gut flora, germ-free mice and
anƟbioƟc-naïve mice; have postulated and converged on
insights of the mechanism of intesƟnal colonizaƟon of Ente-
rococcus spp. [11–13]

The theory of nutriƟonal adaptaƟon of enterococci relies
on the fact that the genome of Enterococcus spp. does
not code for the prerequisites for the biosynthesis of amino
acids and vitamins. [14] Consequently, these microorganisms
rely on the intesƟnal microenvironment and compete with
the gut microbiota for nutrients. Studies have revealed the
presence of a four-gene cluster, encoding a putaƟve man-
nose/fructose/sorbose family phosphotransferase system
(PTS) in clinical isolates of Enterococcus faecium, responsi-
ble for specialized, carbohydrate uptake. DeleƟon of the
ptsD gene subsequently resulted in impaired colonizaƟon in
anƟbioƟc-perturbed mice. [15] Analysis of enterococcal tran-
scriptome by RNA-seq revealed that the majority of induced
genes of Enterococcus faecalis are involved in nutrient trans-
port or metabolism in germ-free mice. Studies have shown
the downregulaƟon of virulence genes like SprE (a serine
protease) andGelEmetalloprotease in germ-freemicewhich
further emphasizes the increased reliance of Enterococcus
on the import of environmental nutrients for establishing
colonizaƟon. [16]

Vancomycin-resistant Enterococcus faecalis strains har-
bouring a chromosomally integrated bacteriophage V583
have been found to demonstrate enhanced colonizaƟon
in the anƟbioƟc-treated alimentary canal of experimental
mice models in comparison to Enterococcus faecalis strains
devoid of the bacteriophage. [17] Enterococcus faecalis resis-
tant to phage infecƟon failed to portray the compeƟƟve
advantage; thus highlighƟng the role of bacteriophages
in the colonizaƟon of Enterococcus in the gastrointesƟnal
tract. [18]AddiƟonally, the genomic plasƟcity of Enterococcus
spp is influenced by naturally occurring plasmids, which in

turn aid in the evoluƟon ofmulƟ-drug resistant strains, espe-
cially in nosocomial seƫngs. It has been established that a
plasmid bearing the hyaluronidase gene in Enterococcus fae-
cium, enhanced its gut colonizaƟon in an anƟbioƟc-treated
mouse model. [19]

ProducƟon of certain conjugaƟve plasmid-mediated
anƟmicrobial substances among the gut flora is inhibitory
to the growth of compeƟng microorganisms in the alimen-
tary ecosystem. [20] Concordantly, the bacteriocin-encoding
plasmid pPD1 has been found to facilitate gut colonizaƟon
of Enterococcus faecalis as well as enhance its propen-
sity to displace pre-exisƟng gut flora, in experimental mice
models. [12] InhibiƟon of VRE by commensal enterococci has
been demonstrated ex vivo, which may be aƩributed to
induced signal transducƟon between commensal entero-
cocci with VRE via mobile geneƟc elements. These findings
not only establish the pivotal role of mobile geneƟc ele-
ments in establishing colonizaƟon in the host gut but also
features the incompaƟbility of commensal enterococci with
mulƟ-drug resistant enterococci.

In E. faecalis, IreK, a transmembrane Serine/Threo-
nine kinase is crucial in maintaining the cell envelope
integrity and resistance against cell wall acƟve anƟmicro-
bial. The deleƟon of ireK in E. faecalis resulted in a marked
deficit in gut colonizaƟon in an experimental anƟbioƟc-naive
mouse model. [21] Concurrently, the conserved locus encod-
ing for enterococcal polysaccharide anƟgen (Epa) locus,
a rhamnose-containing cell-wall polysaccharide which is
known to play a role in the maintenance of cell shape, resis-
tance to phage-induced lysis, biofilm formaƟon and viru-
lence in mice; has been shown to portray variance in orga-
nizaƟon and gene content among strains. An enriched
accessory epa gene epaX has been detected in hospital-
associated Enterococcus faecalis infecƟons, which in turn
alter the composiƟon of Epa polysaccharide, consequently
increasing its suscepƟbility to bile acid cholate, which leads
to impaired GIT colonizaƟon in anƟbioƟc-treated mice. [22]

This not only implicates the accessory genes in colonizaƟon
but also underscores the strain-specific biochemical proper-
Ɵes of Enterococcus to alter gut colonizaƟon.

The producƟon of biofilms by commensal Enterococcus
faecalis in intesƟnal secƟons of germ-free mice models, sug-
gests biofilm producƟon as an important factor in establish-
ing colonizaƟon. The Enterococcus faecalis microcolonies
are thought to be adherent to the inner mucus layer of
intesƟnal epithelium facilitated by the formaƟon of biofilms.
In vitro, gene-encoded biofilm producƟon has been demon-
strated by Enterococcus faecalis which facilitates its colo-
nizaƟon in the intesƟnal tract. The deleƟon of ebrB which
encodes a transcripƟonal regulator necessary for biofilm for-
maƟon, was seen to decrease enterococcal colonizaƟon. [23]

AddiƟonally, the EbrB is also presumed to be vital for the
expression of virulence gene Esp, which in turn is essenƟal
for biofilm formaƟon. Similarly, alteraƟons in bop (biofilm
on plasƟc) locus, has been implicated in delayed gut colo-
nizaƟon by Enterococcus faecalis, whereas strains devoid of
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the gene exhibited copious biofilm producƟon in the pres-
ence of glucose but not maltose. These findings point to
the role of biofilms along with the nature of available nutri-
ents in biofilm-mediated colonizaƟon of enterococci within
the intesƟne. [18, 24] Similarly Sortase A (SrtA), a membrane-
associated enzyme that mediates the anchoring of surface
proteins to the enterococcal cell wall also promotes biofilm
formaƟon. The genome of Enterococcus faecalis is known
to encode for several sortase-dependent cell wall-anchored
proteins, including cell-surface adhesins such as Ace and Ebp
pilus, which facilitate binding to the extracellular matrix and
help produce biofilm respecƟvely. It has also been seen
that Enterococcus faecalis devoid of the SrtA was deficiently
adherent to mucin in vitro, which was specifically in associa-
Ɵon with loss of combinaƟon of the virulence genes Ace and
Ebp. [18]

AnƟmicrobial therapy induces the proliferaƟon of colo-
nized enterococci in the alimentary canal owing to the elim-
inaƟon of regulatory components within the microenviron-
ment either directly or in synchronous acƟon with the host
mucosal immune system. Studies have revealed coloniza-
Ɵon with certain bacteria like Barnesiella spp., Clostridium
bolteae and BlauƟa producta to confer resistance to col-
onizaƟon and increased eliminaƟon of mulƟdrug-resistant
Enterococcus from the gastrointesƟnal tract. [25, 26]The stud-
ies about the effects of alteraƟon of gut microbiota on
the colonizaƟon of Enterococcus, though are a handful and
may not be generalizable, nevertheless reaffirm the poten-
Ɵal role of gut microbiota alteraƟon in directly modulaƟng
mulƟdrug-resistant Enterococcus spp carriage.

Owing to their high resilience, Enterococci can survive in
the presence of commonly used anƟsepƟcs and disinfec-
tants, encouraging its persistent growth on inanimate sur-
faces, especially in hospital seƫngs. [4, 27]Furthermore, the
isolaƟon of Enterococcus from the hands of healthcarework-
ers, condones its widespread nosocomial transmission.

INFECTIONS

The spectrum of infecƟons caused by Enterococci ranges
from bloodstream infecƟons, urinary tract infecƟons, endo-
cardiƟs, pyogenic infecƟons, intra-abdominal infecƟons and
pelvic infecƟons.However, over the past decade, they have
been consistently emerging as an important cause of noso-
comial infecƟons due to an increasing trend of acquiring
anƟmicrobial resistance. Urinary tract infecƟons are the
most common enterococcal infecƟon in hospital seƫngs.
This is followed by intraabdominal and intrapelvic abscesses
or post-surgery wound infecƟons, as the second most fre-
quent enterococcal infecƟons, where Enterococci form a
part of mixed flora of the gut. Bloodstream infecƟons con-
sƟtute the third largest bulk of enterococcal infecƟons.Other
less frequent infecƟons include- infecƟons of the central ner-
vous system and neonatal infecƟon; while respiratory tract
infecƟons, osteomyeliƟs, or celluliƟs are relaƟvely rare. [28]

The highest detected rate of enterococcal UTI was in Canada
(16.8%), followed by the US (12.5%) and Europe (11.7%),

while they account for more than 9% of bloodstream infec-
Ɵons in theUSA and Canada. [29]Likewise, the Indian scenario
resonates with these emerging trends and Enterococci have
been isolated as a nosocomial pathogen from diverse clini-
cal condiƟons like urinary tract infecƟons and bacteremias.
Recently Enterococci have been gaining immense clinical
importance due to their propensity for mulƟdrug resistance.
The development of drug resistance of Enterococci, in turn,
is largely aƩributed to its ability to colonize the gastrointesƟ-
nal tract of hospitalized paƟents for a long duraƟon. The
CDC in a survey indicated that a high percentage of hospital-
acquired infecƟons are caused by Enterococcus, next only to
MRSA and ESBL producers. [30]

Urinary Tract InfecƟon

E. faecalis, has been implicated as a causaƟve agent of
CAUTI and HAI. The E. faecalis strains do not contain flagella
or pili but adherence to the host cell is primarily mediated by
surface proteins line as Esp (Enterococcal Surface Proteins)
and Ebp (EndocardiƟs and biofilm-associated pilus). The Esp
is a surface protein with repeƟƟve domains which provides
bacterial resistance in response to anƟbioƟcs. [31] Proteins
encoded by esp facilitate E. faecalis adherence to fibrinogen
and collagen ligands in the urinary bladder cells in a mice
model as well as facilitate the biofilm formaƟon. [32]

The Ebp protein of Enterococcus spp essenƟally comprises
EbpA, B, and C, that exhibit affinity to the host cells and
lead to early biofilm producƟon. Ebp is presumed to be
assembled on cell membranes with the help of anchoring
proteins like SortaseA, and C (SrtA and SrtC), it is thought to
play a pivotal role in biofilm producƟon and establishment of
infecƟon in the urinary tract. [33] Studies have illustrated the
iniƟal regulatory steps of in-vitro biofilm producƟon during
the pathogenesis of UTI to be modulated by SrtA and SrtC-
Ebp. AddiƟonally, SrtA and Ebp have also been known
to regulate biofilm formaƟon during the establishment of
CAUTI. [34]

Various pilus components assist the Ebp in adhering and
early biofilm formaƟon is iniƟated via Agg (aggregaƟon
substances), and Ace (adhesin to collagen). Ace proteins are
mainly involved in the formaƟon of biofilm and colonizaƟon
of murine UTI models. [35]GelaƟnase (gelE), is a secreted
proteasewhich is involved in the disseminaƟon of bacterium
by the degradaƟon of polymerized fibrin, whereas, Agg binds
to the renal epithelium. [36, 37]

Thus, Ebp plays a major role in biofilm formaƟon on the
bioƟc and abioƟc surfaces during the pathogenesis of UTI.
The biofilm formaƟon in turn is regulated by intracellular
transducƟon or quorum sensing which regulates and coor-
dinates the collecƟve expression of biofilm within the micro
colonies of Enterococcus. [38] Cross-contaminaƟon, through
persistent colonizaƟon of the gastrointesƟnal tract, is con-
sidered a major source of urinary tract infecƟon by E. fae-
calis in paƟents with CA-UTI. Hence, it is the synchronous
ability of Enterococcus to colonize by adherence, produce
biofilms on bioƟc and abioƟc surfaces as well as inherent
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resistance to many classes of anƟmicrobials that facilitate
them to evade host immune response and establish infec-
Ɵon in the urinary tract.

ANTIMICROBIAL RESISTANCE

A combinaƟon of penicillin and gentamicin had been
the mainstay of treatment of enterococcal infecƟons unƟl
the recent past. SƟll, with the emergence of high-level
aminoglycoside resistance (HLAR), vancomycin remained the
only alternaƟve available. Furthermore, the widespread use
of glycopepƟdes in hospitals has lately led to the emergence
of Vancomycin-Resistant Enterococcus (VRE), which is a
major concern for healthcare professionals. InfecƟon with
VRE is associated with increasedmortality, length of hospital
stay, admission to the ICU, surgical procedures & cost. The
resistance of Enterococci to many anƟbioƟcs confers a great
challenge to the treatment of these infecƟons.

VRE was iniƟally isolated from clinical isolates in England
and France (1986), which was closely followed by the iso-
laƟon of Vancomycin-resistant Enterococcus faecalis in the
United States, the following year. The threat of coloniza-
Ɵon and subsequent infecƟons with VRE increased in 2002;
when the first paƟent case of VRE transmiƫng vanA resis-
tance genes to methicillin-resistant Staphylococcus
aureus (MRSA) to form a vancomycin-resistant Staphylo-
coccus aureus (VRSA) isolate was reported. [39] E. faecium
comprises the majority of VRE infecƟons and exhibits more
resistance to glycopepƟdes, although E. faecalis is more
pathogenic in comparison. Enterococci inherently harbours
efficient mechanisms for aƩaining anƟmicrobial resistance.
They exhibit a spectrum of acquired and intrinsic mecha-
nisms of resistance. Portraying remarkable plasƟcity in their
genome, they are known to exploit several transferable
geneƟc elements like plasmids, transposons, and inser-
Ɵon sequences for acquisiƟon and conferring anƟmicrobial
resistance. This facilitates the intra and inter-species dis-
seminaƟon of resistance genes. Currently, eight phenotypic
variants of acquired glycopepƟde resistance and one phe-
notypic intrinsic resistance in enterococci are documented.
VanA, VanB, VanD, VanE, VanG, VanL, VanM, and VanN are
the acquired glycopepƟde resistance phenotypes in Ente-
rococcus whereas the intrinsic resistance (VanC) is found
exclusively in E. gallinarum and E. casseliflavus.

GlycopepƟde anƟbioƟcs inhibit the cell wall by binding to
d-Ala-d-Ala terminals of the pentapepƟde precursors of bac-
terial cell wall pepƟdoglycans owing to their strong affini-
Ɵes. Resistance to glycopepƟde arises when low-affinity d-
Ala-d-Lac or d-Ala-d-Ser pentapepƟde precursors are formed
replacing the d-Ala-d-Ala pentapepƟde precursors. A change
in the precursor to d-Ala-d-Lac as observed in genotypic
resistance VanA, VanB, VanD and VanM, causes a 1,000-fold
decreased affinity for vancomycin. On the other hand, the
change of cell wall to d-Ala-d-Ser as seen in VanC, VanE,
VanG, VanL, and VanN genotypes results in a 7-fold decrease
in affinity for vancomycin. [40] VanA is responsible for the
majority of human cases of VREworldwide and ismostly har-

boured by E. faecium. The most widespread clinical course
of Vancomycin-Resistant Enterococci (VRE) is longstanding
asymptomaƟc intesƟnal colonizaƟon serving as a reservoir
for transmission to other paƟents. Urinary tract infec-
Ɵons (UTI) are the commonest healthcare-associated infec-
Ɵon caused by Enterococci. SelecƟve pressure arising from
commonplace subopƟmal indicated use of anƟmicrobials
like third-generaƟon cephalosporins and anƟbioƟcs against
anaerobes have been established to predispose to coloniza-
Ɵon and subsequent infecƟon with VRE. Case-control stud-
ies found the use of parenteral metronidazole as well as of
third-generaƟon cephalosporins to be highly significant and
independent risk factors for the isolaƟon of VRE. [41]

With the emergence of VRE, Linezolid, the first oxa-
zolidinone anƟbioƟc, quickly became an anƟmicrobial of
choice for treaƟng infecƟons due to VRE. However, with
widespread uƟlizaƟon of linezolid, linezolid-resistant VRE
strains were insidiously isolated from the US in 2001 and in
the UK in 2002. [42, 43] Sequencing of linezolid-resistant VRE
strains revealed a G2576U mutaƟon in the 23S ribosomal
RNA subunit. [44] Linezolid-resistant VRE later isolated from
Thailand was found to carry the cfr methyl transferase on a
plasmid, causing methylaƟon at posiƟon A2503 in the 23S
rRNA and thus conferring high-level resistance. [45]

CONCLUSION

Enterococcus has eerged as a pathogen of interest in hos-
pital as well as community seƫngs alike. Their propensity to
acquire resistance to high-end anƟmicrobial agents includ-
ing vancomycin, teicoplanin and linezolid, impose immense
therapeuƟc challenges by shrinking the available spectrum
of therapeuƟcs immensely. The prevalence of enterococcal
urinary tract infecƟon in paƟents with pre-exisƟng comor-
bidiƟes like diabetes, renal failure, and immunosuppression
as well as paƟents on cancer chemotherapy, merely add to
the complexity of treatment and simultaneously add to the
accruing cost of treatment, morbidity and mortality inher-
ently associated with these condiƟons. The increasing use
of high-end anƟbioƟcs in community seƫngs, especially in
the animal industry has been implicated in the rise of resis-
tance to higher anƟbioƟcs like glycopepƟdes. ColonizaƟon
with mulƟdrug-resistant stains and the possibility of hori-
zontal transmission of resistance among colonizers further
increase the risk of infecƟon in colonized individuals. To
counteract the alarming rise in this pathogen, the elucida-
Ɵon of factors facilitaƟng the transmission of enterococcal
anƟmicrobial resistance within the hospital environment for
appropriate clinicalmanagement aswell as prevenƟonof the
disseminaƟon of high-end anƟmicrobial resistance, through
elaborate evidence-based research, is imperaƟve.
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